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INTRODUCTION 
A significant change which has taken place in agriculture in the 
United States during the past several decades has been the decline in 
the number of farms. Farm numbers reached a peak in 1920, declined 
slightly during the 1920's and 1930's and began a more rapid decline 
during the 1940's. The last fifteen to twenty years has been a period 
of very rapid decline in farm numbers. 
Accompanying the decrease in farm numbers has been a corresponding 
increase in the size of farms. Whether measured in the number of acres 
per farm or volume of output, this increase in size or the growth of 
farms has been highly significant and consistent. The average number 
of acres per farm has more than doubled in the past twenty years. 
There have been a number of economic forces at work which have 
encouraged the decline in the number of farms and the increase in farm 
size. First, the returns to labor in agriculture has typically been 
below that of non-farm labor. This has caused some farmers to "sell 
out," take a non-farm job, leaving their land to be absorbed by a neigh­
bor. The result is one less farm and a larger average farm size. More 
importantly, however, the disparity of returns to farm and on-farm la­
bor has caused many rural young men to enter non-farm occupations. Be­
cause of this, the number of beginning farmers has been below the number 
of retiring farmers, resulting in a net loss of farm operators and farms 
each year. 
Another economic force contributing to the growth of farm size has 
been what is commonly called the "cost-price squeeze." This refers to 
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the relative price situation in agriculture whereby the price of farm 
inputs has been rising faster than the price of farm products. The 
result has been a progressively smaller and smaller profit margin on 
each unit of output. As the farmer strives to maintain his net income, 
he has been forced to increase the volume of output by more intensive 
livestock operations or by adding additional crop acres to his farm or 
both. 
Probably the most important economic force contributing to the in­
crease in farm size has been the development and adoption of capital 
technology. As capital has become more abundant relative to labor and 
its relative price declined, capital has been substituted for labor in 
the form of capital-requiring technology. Much of this new technology, 
particularly that in the form of large tractors and machinery and other 
mechanical labor-saving devices, has a high fixed cost. The cost advan­
tages associated with this new technology can only be realized by spread­
ing this fixed cost over more units of output. Per unit cost advantages 
can only be realized on larger farms, which drives many of the smaller 
farms out of existence with the land added to an existing farm making 
it larger. 
The economic result of this new technology is to move the long run 
average cost curve lower and further and further to the right. This puts 
pressure on the farm firm to expand its scale of operation in order to 
take advantage of lower cost per unit of output. Static economic theory 
hypothesizes a U-shaped cost curve giving an area of increasing returns 
to scale, a point or a range of constant returns to scale and then 
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decreasing returns to scale as the size of the operation continues to 
grow. A fixed amount of management input is often theorized as the 
cause of the decreasing returns to scale. 
Madden, (30, pp. 12-13) in discussing the uncertainty and coor­
dination problems of management, gives three reasons why management may 
not be as limiting as in the past. First, improved roads, fast pick-ups, 
telephones, two-way radios and other developments better allow one man 
to coordinate the larger farm operation. Second, to the extent that ex­
pansion is in terms of relatively homogeneous inputs and outputs, i.e. 
duplication of the existing set of resources, there is less strain put 
on the coordination part of the management function. Third, Madden 
indicates uncertainty has been reduced. Government price support programs 
have eliminated some of the price uncertainty. Yield uncertainty has 
been reduced by the use of such inputs as irrigation, new disease re­
sistant seed varieties and mechanical harvesters which can harvest large 
acreages quickly before the crop is subjected to possible weather hazards. 
The management available to a farm may also be coming partly a pur­
chased input either directly or indirectly. Direct purchase through 
membership in such organizations as dairy herd improvement associations 
and farm record associations provide direct management assistance to the 
farm operator. The large number of specialists employed in extension 
also provide a source of management assistance to the farm operator and 
this assistance can now be concentrated on a smaller number of farm 
operators. 
. Management may be purchased indirectly when a farm operator purchases 
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inputs such as fertilizer, feed and chemicals. Manufacturers and 
suppliers of farm inputs have become a prime source of technical assis­
tance and will often provide at no direct cost such services as soil 
testing, feed analysis, yield checks, crop plans and other services 
designed to encourage the proper and continued use of their products. 
If the management ability of farmers is increased either directly 
or indirectly so that it is no longer a restraint causing sharp di­
minishing returns, the long run average cost curve would show a larger 
area of constant returns to scale and/or a region where per unit costs 
are increasing only slightly. While all cost economies are achieved 
once the point of minimum average cost is reached, constant returns to 
scale or only slight diseconomies of scale would encourage further ex­
pansion of the farm business to increase the net income to the farm 
operator. 
Whatever the reason or reasons for the declining farm numbers and 
the corresponding increase in farm size, most agricultural economists 
expect the trend to fewer and larger farms to continue. Heady and Ball 
write, 
"It can be expected, apart from nominal farms, that 
the number of units would decline even more rapidly 
in the period ahead because of (a) the high propor­
tion of older persons in the farm operator popula­
tion, (b) wider spread knowledge of economic change 
and alternative employment opportunities by farm 
youth and (c) increased capital requirements for a 
competitive farm unit" (8, p. 16). 
At the same conference Nielson said, 
"In the next fifteen years there will certainly be 
an increase in the average size of farms, perhaps a 
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doubling. There will particularly be a decrease in 
the number of smaller farm units, although some of 
them will no doubt persist I tend to believe 
that there will be a faster increase in the number 
of larger units than some of the other participants 
in the conference" (8, p. 58). 
Daly (11) projects farm numbers will decline from 3.4 million 
in 1965 to around 2 million in 1980 with only one-half of these classi­
fied as commercial family farms. He goes on to say, "Technical possi­
bilities exist for an even more rapid decline in farm numbers than in 
the past. It would not be unreasonable to visualize an organization of 
agriculture in which a half million farms would carry out the production 
job" (11, p. 109). 
In view of the rapid growth in farm size in the past several dec­
ades and the expectation that this growth will continue, one would ex­
pect to find considerable research on the theory of farm firm growth, 
growth strategies and the effects of various factors on growth rate. 
This is not the case. It is only in recent years that there has been 
interest in and research conducted in the specialized area of farm firm 
growth. Considerable research has been done in related areas, such as 
economy of scale and projections on capital requirements, inputs used, 
farm size and farm numbers in the future. While research of this type 
is useful for some purposes, it does not help the farmer who, faced 
with the need to grow in order to stay competitive, must decide how fast 
and in what direction he should expand his farm business. 
The theory of firm growth and growth strategies has not been widely 
studied nor developed as part of the general theory of the firm. 
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Economic literature since World War II has been filled with articles 
dealing with economic growth. However, a review of these articles will 
show that most of them are concerned with economic growth at the macro-
economic level. Very little of this literature is concerned with the 
growth of the individual firm. 
In view of the obvious fact that some firms grow and the scien­
tists' desire to develop theories to explain what is happening in the 
world around them, we might well ask why there has not been more study 
and research performed on the economics of firm growth. Looking at this 
same question, Penrose suggested that, "Perhaps such a theory is impossi-
able to construct, unnecessary, trivial or outside the pale of economics 
proper" (38, p. 1). 
Addressing himself specifically to the relative neglect of studies 
in the area of farm firm growth,.Bailey (1) gives three reasons. First, 
the chief resources, land and to a lesser extent machinery and labor, 
have been considered limited or fixed in quantity. This has caused 
agricultural economists to view the primary problem as resource alloca­
tion and efficiency. This is the usual static concept of a firm. A 
second possible reason given by Bailey is historical accident whereby 
most of the farms in the Midwest and South were established with a large 
enough acreage to fully occupy the family labor during the cropping 
season. Opportunities for growth were then seen mainly as adding live­
stock enterprises to the operation which would use the otherwise idle 
winter labor. The third reason given is that research was restricted 
to actions considered to be available to most farm operators. Since it 
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would not be possible for every farmer to acquire additional land, this 
type of study was not conducted. 
Another possible reason for the lack of research on firm growth 
might be its relationship to dynamics. Growth is by definition a dyna­
mic process, since growth can only be measured over time and economic 
dynamics is often defined as the study of economic variables over time. 
Any dynamic study greatly increases the number of variables to be con­
sidered and may have resulted in a tendency to do research in an area 
which did not require the handling of such a large number of variables. 
The development and expanded use of computers has now greatly reduced 
the size of this problem. 
Whatever the reasons for the limited research done to date, there 
are good reasons for studying the growth of a firm and particularly for 
a farm firm. First of all, it is obvious that some farms do grow in 
size and that the average size of farms in this country has been getting 
larger and is expected to continue to increase. Another reason is the 
existence of scale economies, at least at lower levels of output, is 
well documented. Since most beginning farmers do not begin with an 
operation large enough to take advantage of all the scale economies, there 
is reason to study the strategies they should use to grow to the size 
necessary to take advantage of the scale economies. 
Bailey (in 15, p. 3) gives three reasons why firm growth is of 
interest to a researcher. First he says that growth can be a goal in 
itself, especially for a small or newly established firm. Secondly, 
firm growth can be a strategy to combat risk and uncertainty. Thirdly, 
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Bailey feels that a dynamic growing firm may be a more realistic setting 
in which to study resource allocation. 
In discussing the interest in and development of firm growth re­
search in Sweden, Renborg (in 15, p. 55) gives four points for the Swed­
ish intensification of research in this area. These points are 1) 
an awareness of the poor knowledge of farm growth problems, 2) the obser­
vation that large farms are generally more profitable than small, 3) 
the expectation that the successful full-time farmer will have to in­
crease his input of capital over time, and 4) the unsatisfactory way 
in which present planning methods consider only resources available at 
the present time rather than considering the more important goal of 
developing a plan for the best possible future development of growth. 
Halter (17) credits the agricultural economist's interest in farm 
firm growth models to 1) the inability of the usual static firm theory 
to explain the observed difference in farm growth rates and 2) the in­
ability of empirical studies of farm costs to confirm the existence of 
theoretical U-shaped long run cost curves. These reasons and others 
have generated the recent and perhaps tardy interest in farm firm growth. 
As Bailey says, "Whatever the rationale, (for neglecting the economics 
of growth of the farm firm)^ we may observe that some farm firms do grow 
in size. The question of growth can no longer be ignored. In fact, the 
economics of growth and the financial management necessary for growth are 
highly promising areas for research" (1, p. 1). 
^Statement in parenthesis added for clarification. 
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Growth is not only an academic problem but one of a very consider­
able practical interest to young farmers. These farmers are asking 
questions about enlarging their individual farm operation to take 
advantage of new technology, economies of scale and to improve their 
income position. It is hoped that this study may provide answers to 
some of their questions and provide some guidelines as they strive to 
increase the size of their farm firm. 
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REVIEW OF LITERATURE 
The literature on firm growth does not show a concensus on a defi­
nition of the term "growth" and what variable or variables can or should 
be used to measure growth. Most writers agree that growth is a process, 
a process of moving from one situation to another and therefore involves 
the element of time. The time element classifies the study of growth in 
the field of dynamic economics as opposed to static economics. 
Penrose distinguishes between growth and size by saying, "Growth 
is a process; size is a state" (38, p. 88). This can be expanded by 
saying that growth is a dynamic phenomena, that is, changes occurring 
either qualitatively or quantitatively in a variable or variables over 
time. The values, both qualitatively and quantitatively, of these var­
iables at any point in this time period is the state or the size of these 
variables and is a static condition. The changes occurring in these 
variables from one static condition to another static condition is a 
measure of the change in size or growth. 
The basic problem is encountered in trying to determine which var­
iable or variables most adequately and accurately measure the change in 
size or growth. Some of the better definitions are not quantifiable 
for use in model building. Penrose writes, "Ideally the size of the firm 
for our purposes should be measured with respect to the present value of 
the total of its resources (including its personnel), used for its own 
productive purposes" (38, p. 25). She admits this value is almost 
impossible to measure In the real world and that there is a wide range 
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of choices available once the above choice is eliminated. Throughout 
her book she uses the variable "value of fixed assets" as a measure of 
firm growth. No specific reasons are given for choosing this variable 
over the others that are possible but one disadvantage of this measure 
is pointed out. The use of fixed or total assets may distort the size 
of the firm as a production unit because it would also include invest­
ments made outside the firm if the firm was unable to expand its produc­
tion fast enough or if the return on outside investments was higher than 
the return on internal investments. The seriousness of this disadvantage 
depends upon whether the researcher is attempting to measure the growth 
of the entire firm and all its investments or just the growth in the 
productive operations of the firm. 
The way in which a model is formulated may cause several variables 
to give the exact same measurement of growth. In the model developed by 
Harris (31) there is a stable and direct relationship between volume of 
sales, aggregate profit and gross capital assets. As these three var­
iables must all change in the same direction and by the same proportion, 
it makes no difference which is chosen to measure growth. Marris chooses 
to use changes in gross assets but states that his choice was for con­
venience sake only. Thus, Marris and Penrose apparently agree on the 
same basic concept as a measure of growth but neither give any specific 
reasons for their choice. 
In a paper discussing their farm firm growth model, Eddleman and 
Golden (13) suggest five alternative definitions of farm firm growth. 
They are: 1) volume of output or gross sales, 2) value of net returns. 
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3) farm size in acres, 4) owned capital and 5) consumption. For their 
study they defined firm growth as an increase in net worth or accumu­
lated capital. The main reason for selecting this definition is that 
their model was designed to identify the minimum starting equity posi­
tion necessary for a farm firm to satisfy given levels of consumption 
and minimum levels of capital accumulation over time. Thus the defini­
tion selected was chosen to fit the purpose of the research being con­
ducted. Eddleman and Golden rejected volume of output and value of net 
returns as a measure of farm firm growth because of the extreme fluctua­
tion in these variables for the dryland farms of Texas which were used 
for their study. Farm acreage was not used as an indicator of growth 
because this variable overlooks capital investments in anything other 
than land. While changes in the number of acres farmed is often the 
popular indicator of farm growth, it must be remembered that capital 
investments in such items as machinery, buildings and livestock may 
also contribute to increases in net worth and growth of the farm firm. 
Bailey defines firm growth as . .an increase in the volume 
of business accompanied by an increase in input" (1, p. 1). This 
definition specifically eliminates an increase in the volume of output 
being called growth when this increase has come solely from the more 
efficient use of an existing collection of inputs. Growth in this 
definition must be as a result of an increase in the inputs used in the 
farm production processes. 
The definition of growth used by Bailey would allow growth to be 
measured either in units of output or sales or in some units measuring 
13 
the quantity of inputs. However, using either of these measures of 
growth would give the same growth rate only if there was a direct and 
stable relationship between input and output, as would be the case with 
a linear homogeneous production function. Other types of production 
functions would show different rates of growth depending on whether in­
puts or outputs was used as the indicator. 
Bailey also points out a problem concerned with using an increase 
in net worth as a measure of growth. What he calls a static firm, that 
is, one in which there has been no change in the quantity of inputs used, 
can show an increase in net worth. Anytime gross farm sales exceed the 
total of fixed costs, operating costs and consumption expenditures, 
there will be an increase in the net worth of the firm. Bailey objects 
to this being considered growth. 
Butcher and Whittlesey (7) indicate there are a number of statis­
tics from which to choose for estimating and illustrating growth in farm 
size. They choose "gross sales per farm" admitting that this concept 
has limitations but probably fewer than other statistics that could be 
used. A reason given for choosing this particular statistic is that it 
is closely related to the variable "output" that appears on the x-axis 
of economy to scale diagrams. 
In reviewing some farm firm growth models, Irwin does not specifi­
cally define growth but he does say, . . the principle of growth 
is to acquire control of the services of additional productive resources 
by paying a price less than they will earn" (22, p. 82). From this state­
ment, we might infer that Irwin would favor measuring growth by noting 
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the changes in the inputs used by the firm. Assuming that an increase 
in the inputs used would always result in an increase in output, Irwin 
would probably accept a definition of growth similar to the one proposed 
by Bailey. 
A number of the possible definitions of farm firm growth have been 
used as objective functions in programming models of farm firm growth. 
Martin (33) studied capital accumulation and farm growth using six dif­
ferent objective functions. These were; 1) maximize the undiscounted 
value of gross sales, 2) maximize the present value of the stream of 
net returns, 3) maximize the present value of land ownership, 4) maxi­
mize the number of acres operated over all production periods, 5) maxi­
mize the discounted value of gross sales and 6) maximize the number of 
acres operated in the last production period. A 6% discount rate was 
used. 
Martin found that the structure of the firm and the parameters 
within which it must operate are more important than the specific ob­
jective to be maximized. A commonly used objective function is maxi­
mization of discounted net returns over the time period being consid­
ered. However, Martin found that the farm organization and land ac­
quisition policy was the same over the thirty-year period studied for 
all of his objective functions except for maximizing the present value 
of land ownership. This objective function resulted in renting land 
through the early time periods and then using the accumulated capital 
to acquire land in the last time period. 
Martin also ran a program to maximize the present value of 
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consumption using a 6% discount rate. This again gave the same results 
except for the last production period but this difference was attributed 
to the way the problem was formulated. Consumption was at a minimum 
level for all time periods except the last when all additional consump­
tion occurred. 
The results obtained by Boehlje and White (4) from their farm firm 
growth model were different than Martin's model. Boehlje and White's 
model gave quite different growth rates, net worth and enterprise com­
binations for the two objective functions used in their study. Maxi­
mizing the discounted stream of disposable income over the planning hori­
zon of ten years resulted in no long-term credit being used any time 
and intermediate-term credit used for only four years. When the objective 
function was maximization of net worth at the end of the planning period 
both long-term and intermediate-term credit were used to the limit. 
Capital and labor tended to become concentrated in producing hogs with 
a capital-intensive method with the income used to purchase land. The 
machinery was not replaced as it depreciated and the land was rented out. 
Net worth was much larger than under the first objective function but 
consumption was less because of the need to service the heavy debt in­
curred to maximize net worth. 
The manner in which the models were formulated is one explanation 
for the different results. Martin's model contained only one production 
activity. There was no choice allowed in the combination of enterprises 
that could be selected to maximize the various objective functions. 
Boehlje and White's model contained a number of production and investment 
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alternatives allowing different growth strategies to maximize dif­
ferent objective functions. It is pointed out by Boehlje and White also 
that their objective function of maximizing discounted disposable income 
does not correspond directly to any of Martin's objective functions. 
In his study, Johnson defines firm growth as "an increase in the 
worth of the firm" (25, p. 7). Johnson uses only one objective function 
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in his model and that closely follows his definition. His model maximized 
undiscounted accumulated wealth over the fifteen year planning period. 
He chose to maximize undiscounted wealth because of the difficulty in­
volved in choosing an appropriate discount rate and preliminary calcula­
tions which showed little difference in the solutions obtained from 
using either of the objective functions. 
Heidhues (18) developed a recursive programming model to study farm 
growth in a growing economy. His model was used to study the effects 
alternative agricultural policies and their accompanying price levels 
would have on an individual farm. The two criteria considered by Heid­
hues for evaluating policy effects on growth were "total value of assets 
and the ability of a farm to accumulate investment capital" (18, pp. 678-
679). Total value of assets was considered difficult to use because of 
the problems encountered in valuation of durable assets and because situa­
tions may exist where it is unnecessary to maintain or increase the 
total value of assets. Therefore, the ability to accumulate investment 
capital for purchase of durable assets was considered the more appro­
priate measure of growth opportunities for a farm. The availability of 
investment capital was considered necessary for a farm to adapt rapidly 
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to changing circumstances and to provide a good measure of the growth 
opportunities available to the firm. 
The above discussion shows that there is little agreement in the 
literature on how to define and measure firm growth. Often different 
terminology is used to describe what is basically the same concept. 
With the advantages and disadvantages inherent in the alternative vari­
ables possible to use as a measure of growth, it may not be possible or 
necessary to arrive at a concensus of opinion on the "best" definition 
and measurement variable for growth. As researchers focus their atten­
tion on different aspects of firm growth and the effects of different 
policies and variables on this growth, they should be free to choose 
the definition most appropriate for their specific research problem. 
However, the researcher should always be aware of the advantages, dis­
advantages and implications of the definition chosen. 
Causes of and Conditions Necessary for Growth 
Growth or the lack of it can be observed in all types of firms. 
Some firms grow rapidly and consistently while others remain static in 
size and still others decrease in size until they may disappear alto­
gether. To the casual observer, there may be little apparent difference 
between the firms to explain the differences in growth observed. The 
question which must be answered then is lAat causes some firms to grow 
and what are the conditions which must exist to permit growth? 
Penrose (38) spends considerable time answering this problem in her 
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book and, although she is concerned only with an incorporated industrial 
firm operating in a world of such corporations, many of her points have 
application to a farm firm. Early in her book she identifies management 
as one of the key factors influencing growth and says, "For a firm, 
enterprising management is the one identifiable condition without which 
growth is precluded -- this is one necessary (though not sufficient) 
condition for continued growth, as will be demonstrated" (38, p. 8). 
While management is an obvious factor necessary for growth not every 
manager is willing or able to take advantage of growth opportunities. 
It takes a special kind of management, which Penrose calls "enterprising 
management" to discover growth opportunities and then be willing and 
able to exploit them. A cautious, conservative management not looking 
for possible opportunities to expand its firm, might be doing a very 
adequate management job for the existing firm but this would certainly 
not be the kind of firm thought of as a candidate for growth. 
All the production possibilities a firm can see and take advantage 
of, Penrose calls its "productive opportunity." For growth to occur 
then, the set of productive opportunities available to the firm must 
be larger than the set of production activities engaged in by the firm. 
In other words, there must be a direction or path for growth. As Pen­
rose says, "If we can further establish that there are significant fac­
tors expanding the productive opportunities of the firm, causing it to 
change in a systematic way over time with the operation of the firm, we 
are on the trail of the theory of the growth of firms" (38, p. 42). 
Factors working to cause growth in a firm can be classified as 
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external or internal. Penrose lists some of the external factors as a 
growing demand for products, changes in technology, new discoveries or 
inventions, opportunities to obtain a better market position through 
lessening competition and opportunities to guarantee a supply for inputs 
or a market for outputs through forward or backward Integration. 
It is, however, an Internal inducement to growth on which Penrose 
chooses to base much of her theory of firm growth. This Internal in­
ducement is related to the indivisibility of many of the inputs used 
by a firm. Many resources used by the firm can only be purchased in 
discrete units because of their physical nature and/or there may be 
cost advantages in purchasing a larger size or amount of the resource. 
Distinguishing between a production resource and the services avail­
able from that resource and designating the inputs used by the firm as 
the services rather than the resource itself, Penrose believes there 
are many unused productive services available within most firms. Unused 
productive services are in a sense free of costs, since the resource 
providing these services has already been purchased. The availability 
of these unused and free services provide an incentive for the firm to 
expand its operation in a manner which will allow it to use these 
services. 
Penrose believes a firm will be under almost continual pressure to 
expand because of the availability of unused productive services. The 
indivisibility of productive resources makes it highly unlikely that at 
any time the proper combination of resources is available so all the 
services available from all the resources are fully used. The principle 
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of least common multiple would be used to find the minimum output 
necessary to completely utilize all the services available from the in­
divisible resources. Considering all of the physical resources used, 
as well as management personnel, technical personnel and sales person­
nel, it is unlikely that any firm is operating on a scale sufficiently 
large to completely utilize all the services available to it at any 
point in time. 
In addition to indivisibility, Penrose lists two other reasons why 
the least common multiple output is not likely to exist or be stable 
should it be reached. First, the same resource can be used in a dif­
ferent manner under different circumstances and, in particular, in a 
more specialized manner as the size of the firm increases. Secondly, 
Penrose believes that in the ordinary operation of a firm, new produc­
tive services are being created through increases in skills and knowl­
edge of how to use a particular resource. Once a resource is acquired, 
any competent management will always be looking for ways to obtain more 
services from an individual resource. Penrose's main argument is ". . . 
that the expansion of firms is largely based on the opportunity to use 
their existing productive resources more efficiently than they are being 
used" (38, p. 88). 
Penrose also Introduces the concept of economies of growth. These 
are economies resulting from the process of growing as opposed to eco­
nomies of size, which pertain to a state or static condition of the firm. 
"Economies of growth are the internal economies avail­
able to an individual firm which makes expansion 
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profitable in particular directions. They are derived 
from the unique collection of productive services 
available to it, and create for that firm a differ­
ential advantage over other firms in putting on the 
market new products or increased quantities of old 
products. At any time the availability of such 
economies is the result of the process, discussed 
in the previous chapter, by which unused produc­
tive services are continually created within the 
firm. There may or may not be also economies of 
size" (38, p. 99). 
Economies of growth are available to a firm of any size and per­
tain to the particular collection of productive resources available with­
in the firm and any unused productive services not currently- being ex­
ploited. Another feature of economies of growth is their transient 
nature. They are available only to a firm that is in the process of 
expanding and disappear once a firm has completed the expansion process 
and reached the desired or possible size. Economies of size, on the 
other hand, are permanent economies continually available to a firm of 
a particular size as long as there is no change in the economic variables 
affecting this firm. 
In his book Marris (31) places emphasis on the goals or utility 
system of corporation managers as a factor causing growth in incorpor­
ated firms. He feels there is a number of psychological, sociological 
and economic factors, such as dynamic aspirations, self indentification 
and desire for power, status, wealth and personal security which a mana­
ger can best fulfill by striving for growth within his own firm. A mana­
ger responsible for growth in his own firm considers this to be a good 
recommendation for his promotion to positions of higher status and salary 
within the growing firm. Marris also points out that there is rather 
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limited transfer of high level management personnel between companies, 
so a manager's best opportunity for improving his status and salary may 
be to promote growth within his own firm and create opportunities for 
promotion internally. 
Another writer who believes that the goals and motivations of a 
corporation and its managers lead to growth is Baumol (3). He believes 
that possible company objectives such as profit maximization or sales 
maximization lead to growth as a means of achieving these goals or ob­
jectives. Baumol is also convinced that growth of the firm is one of 
the major goals of most business enterprises. His conclusion is based 
upon the time and effort corporation managers spend on growth problems 
in their companies and the emphasis on business growth found in news­
paper financial pages, business journals and company financial reports. 
The existence of increasing returns to scale or at least constant 
returns to scale is both a factor necessary for growth and a cause of 
growth. Butcher and Whittlesey (7) believe that most existing farms 
are found in sizes where cost per unit of output is nearing but has not 
yet reached the lower limit for economies of scale. These farm firms 
are not in equilibrium and they believe part of the cause of this dis­
equilibrium of scale can be explained by the fact that long-run average 
cost curves have been constantly shifting downward and to the right as 
new capital-intensive technologies have been introduced into agriculture. 
This shifting of the cost curve is a cause of farm firm growth for any 
farm firm which wishes to hold its position relative to the optimum size 
or which is trying to reach the optimum size and finds it to be moving 
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continually away. 
Institutional factors may also be contributing to farm firm growth 
according to Butcher and Whittlesey. 
"Most institutional factors associated with farm 
growth favor, or at least do not inhibit, 'giantism'. 
Tax laws encourage investment in land and capital 
equipment. Federal farm policies which have always 
paid lip-service in helping the small, underprivi­
leged farmer, have in application benefitted farmers 
in proportion to output or size. As a result, they 
encourage greater size. Farm programs have also re­
duced the effect of risk as a major inhibitor to 
growth" (7, pp. 15-16). 
While these institutional factors are not necessary for growth to occur 
in all cases and may not be a direct cause of growth, they are certainly 
factors which influence the decision of a farm operator who is contem­
plating expanding the size of his operation. 
Bailey (1) identifies five conditions which he feels are necessary 
for growth of a firm. Excess managerial capacity is the first condition. 
Bailey believes most young farmers have a surplus of managerial ca­
pacity and this is one resource which is not in balance in the farm 
firm. In addition to having excess managerial capacity, the farm 
operator must also be willing to take on the management responsibilities 
of a larger farm business. 
The second condition listed is profitableness of the business. 
There must be enterprises or production activities in which receipts 
exceed expenses before firm expansion will take place. Thirdly, a firm 
must be of minimum starting size. Bailey is specifically considering a 
farm firm and this must be of a size that will provide enough income to 
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meet all fixed and operating expenses, family consumption expenditures 
and still leave capital available for expansion purposes. This condition 
need not be met if there is some source of non-farm income which could 
be used to meet expenses or provide for expansion. 
The existence of some unused resources is the fourth condition. 
Bailey draws this idea from Penrose's book and indicates that she does 
not specify it as a necessary condition for growth. Unused resources 
would appear to be more of a cause which would stimulate growth rather 
than a condition necessary for growth. Given the existence of Bailey's 
first three conditions, excess managerial capacity, the existence of 
profitable opportunities for expansion and the availability of invest­
ment capital, an expansion-minded firm could purchase the productive 
resources needed. The existence of unused resources may be further in­
centive to grow and may play a role in determining the production activ­
ities to be part of the expansion process but it would appear not to be 
a necessary condition for growth of the firm. 
The last condition listed by Bailey is that additional resources 
must be procurable. To the extent that additional productive resources 
are needed by the growing firm, they must be available for purchase, 
lease or hire. In the case of the farm firm desiring to expand, this 
is an important condition. For example, land is not always for sale in 
a location and at a time desired by the expanding farm operator. Rented 
land is also not always available in a location and at a time that fits 
into the expansion plans and the competition for rentable farm land is 
very intense in many farm communities. 
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Directions of Growth 
A growing firm has several different choices as to the direction 
expansion can take. The selection of an expansion strategy to follow 
will depend on a number of factors, both internal and external to the 
firm. 
The first expansion policy which could be followed would be to 
grow through the production of more of the product or products which 
are currently being produced. For a firm producing more than one prod­
uct, this could mean increasing the output of all products by the same 
proportion or concentrating the increased output in one or more products. 
For a firm facing an unsaturated market, this will often be the easiest 
expansion policy to follow. To the extent that unused resources are 
available within the firm, they will often be best adapted for use in 
producing the present product or products. The management available to 
a firm at any point in time will be most experienced with producing and 
marketing the present line of products. Expansion into other fields will 
require hiring additional management with knowledge of these areas or 
the attaining of this knowledge by the present management staff. Either 
alternative will involve additional costs. There is also some risk and 
uncertainty involved in organizing production techniques and developing 
a market for a new product. These factors will cause a firm to favor 
expansion through increased output of some combination of its present 
line of products. 
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Bailey (1) notes that farmers in the Great Plains have generally 
preferred to expand their grain enterprises rather than add livestock 
feeding to their present grain farming operation. Market saturation is 
not a factor and Bailey believes these farmers are allocating their re­
sources to enterprises in which the return to capital and labor are 
highest, i.e., grain production. 
Growing farm firms are often becoming more specialized and pro­
ducing fewer products. Robinson (in 49) attributes this to urbanization 
which has caused farmers to produce more for a specific market rather 
than for their own consumption. Many farmers are now buying such items 
as eggs, milk and meat rather than producing them on their farm and are 
concentrating their production on fewer products. Robinson believes 
that one of the major avenues for future farm growth will be process 
concentration, which he defines as "the contraction in the scope or 
number of production processes encompassed by a single farm and the 
subsequent expansion in the processes retained" (49, p. 3). Thus, 
Robinson believes that a growing farm firm will not only expand by in­
creasing its production of products with which it is now familiar but 
that it will become more specialized, produce fewer products, and use 
fewer production processes in its expanded operation. 
The second direction a growing firm could take would be expansion 
through the production of a new product or products. There are several 
reasons which would make this alternative the most attractive one for a 
"growth-minded" firm. Market saturation and/or a market growing slower 
than the firm's desired rate of growth would cause a firm to look for 
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new products to fulfill their growth ambitions. While more of the orig­
inal product could be sold at lower prices, profit prospects and the 
threat of retaliation from other firms make the production of new 
products the more attractive alternative. 
Diversification may also have some advantages in itself. Penrose 
(38) believes a specialized firm is highly vulnerable in an environ­
ment of changing technology and taste and may make more profitable use 
of its resources over time by producing a variety of products. This 
continually changing environment will also present new production oppor­
tunities which may be more profitable than the present line of special­
ized products. Seasonal, cyclical and secular fluctuations and trends 
in the demand for any one product will also contribute to a firm's de­
cision to grow through diversification rather than continued speciali­
zation. Diversification can also take place through vertical integra­
tion. This type of diversification can take the form of either backward 
integration into the input side of the market or forward integration and, 
becoming more involved in the retail marketing of the firm's product. 
While there are valid reasons for arguing that a specialized firm 
would be able to produce at a lower unit cost than a diversified firm, 
the above reasons and others may force a firm into diversification if 
it wishes to expand. Additional resources may not be available in the 
type and amount needed to expand production in the present line of out­
put or there may be some point beyond which decreasing returns to scale 
become effective for any one product. While Penrose argues that there 
are no decreasing returns to management for a firm with a flexible 
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management organization that will continually adapt its management 
structure to fit the changing nature and size of the firm, she does admit 
the possibility of decreasing returns to scale for any one product or 
production activity. Once this point is reached for each product cur­
rently produced, a strong incentive will exist for.a firm to continue 
its expansion through diversification. 
The third direction a firm may take in its growth is the acquisi­
tion of or merging with an existing firm. This type of growth can 
encompass either or both of the above types depending on whether the 
firms involved produce identical products or close substitutes or whether 
the products are unrelated. The development in recent years of the 
"conglomerate" firm is an example of the latter where the acquired firms 
often have no product in common with the parent firm or with each other. 
To the firm bent on growth, the acquisition or merger method has a number 
of advantages. First, it is a relatively fast method with the time 
involved depending only upon how long it takes to negotiate a purchase 
or acquire controlling interest in the open market. To the extent that 
plant and equipment are acquired, the time necessary to expand plant and 
purchase additional capital equipment is also saved. Secondly, experi­
enced and hopefully capable management is also acquired in the package 
deal. The cost of hiring and training new management staff is saved. 
This could be a substantial cost, particularly if the acquired firm 
produces different products than the parent firm, which would require 
training management personnel in an unfamiliar line of production. 
The third advantage to growth by acquisition and merger is that in 
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addition to plant, equipment and management personnel, the acquiring 
firm will usually inherit a ready market for the products of the acquired 
firm. For the firm growing through diversification into new products, 
this saves the cost and uncertainty connected with developing a market 
for a new product. This "purchased" market and the existing sales force 
will often come at a lower cost than that involved with researching a 
new market and developing it through hiring and training new sales 
personnel. 
Factors Limiting the Rate of Growth 
While there are factors and conditions existing which promote and 
encourage growth in firms, factors also exist which completely stifle 
growth for some firms and limit the rate of growth for others. Richard­
son (42) suggests four categories for classifying the factors limiting 
a firm's growth. They are 1) a shortage of labor or other physical 
inputs, 2) shortage of finance, 3) lack of suitable investment oppor­
tunities and 4) lack of sufficient managerial capacity. Richardson held 
in-depth interviews with sixteen corporation executives and concluded, 
"There can be no doubt that, for most of the firms dealt with, managerial 
capacity, in some sense yet to be defined, was the strongest restraint 
on the rate of growth" (42, p. 10). He goes on to stress the relation­
ship between organizational efficiency and rate of growth. 
Organizational efficiency is determined by the amount of management 
and Richardson believes it to be inversely related to the rate of growth. 
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The faster the rate of growth, the more thinly the management staff is 
spread over the firm's activities. This occurs because management 
personnel cannot be hired and made effective immediately. It takes time 
to develop links of familiarity and confidence between members of the 
management staff. If growth occurs at a rate faster than management 
staff is hired, trained and absorbed into the organization, there will 
be a decline in organizational efficiency and the increases in costs 
which result must properly be charged to a rate of growth which is too 
fast. 
Penrose (38) offers three explanations for limits to the growth of 
firms managerial ability, product or factor markets, and uncertainty 
and risk. She identifies the first as internal to the firm, the second 
as external to the firm and the third as a combination of internal at­
titudes and external conditions. 
Penrose's explanation of the managerial limit to the rate of growth 
closely parallels Richardson's. Her explanation depends on the fact that 
expansion does not take place automatically but must be planned and its 
execution supervised. Any expansion program requires the services of 
part of the existing management staff to plan and execute the program. 
While new management personnel can be hired to help with the expansion 
program, the existing management staff must be used to hire, orient and 
train the new individuals. This also takes time away from normal manage­
ment activities and planning any expansion programs. 
A company's management staff is also not just a collection of in­
dividuals. It is a group of people who have had the experience of 
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working together and developing into a smoothly functioning team. Newly 
hired managers are not as efficient as the existing personnel because 
they lack the experience of working for this particular firm and with 
this particular group of managers. This experience can be gained in 
time but at the cost of less than full efficiency over the period it 
takes to acquire the necessary experience. As Penrose writes, "... 
the capacity of the existing managerial personnel of the firm necessar­
ily set a limit to the expansion of that firm in any given period of 
time, for it is self evident that such management cannot be hired in 
the market place" (38, pp. 45-46). Management experienced with the firm 
and working with each other is a unique resource, unique to any one firm 
and it is this uniqueness rather than management i tself Penrose believes 
to be the limiting factor. 
Penrose chooses not to discuss the limitations on growth caused by 
product or factor markets as they are external to the firm. However, 
it is interesting to note that earlier in her book she dismisses a short­
age of capital as a factor preventing growth of firms. She describes 
capital acquisition as a function of the entrepreneur, so that a short­
age of capital is really a shortage of a special entrepreneurial ability 
the ability to raise capital. Remembering that Penrose is only con­
cerned with an industrial corporation in an economy of such corporations, 
this is an interesting point. An entrepreneur who has the ability to 
create confidence in his firm and its future would hopefully also have 
the ability to translate this confidence into capital in the form of 
loans, or new issues of stocks or bonds. 
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The most usual type of farm firm organization in the United States 
is either single proprietorship or a partnership of some form and the 
capital that can be obtained is closely tied to the equity in the farm 
firm under these arrangements. Some efforts are being made to loan 
money based in some degree on the management ability of the farm firm 
entrepreneur but equity is still the most important factor determining 
the amount of capital which is available to most farm firms from outside 
sources. If this situation continues, enterprising farm firm entrepre­
neurs may turn more to corporate form of farm ownership so they can use 
their special "capital-raising ability" to obtain more capital through 
the issuance of stock even though they lose part of the ownership of 
their farm firm by doing so. 
The third classification of factors limiting growth as listed by 
Penrose is risk and uncertainty. Risk and uncertainty are often assumed 
to be incorporated into a firm's plans by deliberate overestimation of 
costs and underestimation of revenues. The result is a reduction in the 
amount of planned expansion. To the extent that uncertainty is caused 
by a lack of information, this can be partly offset by spending addi­
tional time and managerial services gathering additional information. 
There is still a limit on the amount of information that can be gathered 
about the future, however, and this additional information is costly 
both in terms of time and capital. These additional costs should be 
charged to the expansion plan, again resulting in less growth than under 
conditions of no risk and perfect knowledge of the future. 
For firms operating under conditions of less than perfect 
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competition, the demand for its product or products can be a very 
effective limitation on growth. A firm wishing to expand faster than the 
increase in the demand for its products caused by population growth, 
increases in income levels, etc., must do one or more things, all of 
which involve additional cost of one type or another. It can in­
crease its expenditures on advertising in an effort to increase sales, 
it can reduce the price of its present product, develop new products 
or attempt to find and exploit new markets for its present complement 
of products. 
The risk inherent in finding and moving into new and possibly un­
known markets is listed by Baumol (3) as one of the reasons why the 
total cost curve for a firm will be an increasing function of the rate 
of growth of the firm and beyond some point will be a sharply increasing 
function of the rate of growth. Total revenue will also be an increasing 
function of the rate of growth but beyond some point total costs will be 
increasing at a faster rate, giving some optimum rate of growth for a 
profit-maximizing firm. 
Williamson (50) offers a somewhat different limitation to the rate 
of growth for a firm which is a publicly held corporation. Growth fi­
nanced from retained earnings means lower dividends to stockholders and 
lower stock prices. With a very high proportion of earnings retained 
for growth purposes, the stock will have a low market value and the firm 
will be subject to a take-over by another firm which recognizes the pos­
sible potential of the firm and its depressed market value. Williamson 
believes that it is this fear of take-over which provides an effective 
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limitation on a firm's rate of growth, at least for growth which attempts 
to use retained earnings to finance growth. 
Addressing themselves to the problem of farm firm growth. Butcher 
and Whittlesey (7) identify the areas of management and finance as the 
major problems. They believe farmers have traditionally found difficulty 
in the management tasks of sales and procurement, labor management and 
credit management, all of which will grow in relative importance as farms 
grow in size. Most farmers will need to improve their abilities in 
these areas if they are not to become a limitation to the growth of their 
farm firm. 
There are several other limits to growth that may be of special 
importance for a farm firm organized as an individual proprietorship. 
One is the psychological restraint many individuals have on borrowing 
large amounts of capital. This restraint is often part of a larger 
overall restraint which includes an aversion to risk-bearing and un­
certainty. Other internal restraints of a personal nature are a feeling 
of being big enough or an unwillingness to put forth the extra work 
effort which might be required by an increase in the size of the farm 
business. 
Some Farm Firm Growth Models 
Two of the earliest models with applications to farm firm growth 
were those developed by Smith (45) and Loftsgard (28). While the term 
growth was not used in either of these studies, they were among the first 
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to incorporate time into their models and to use dynamic linear program­
ming in developing farm plans. Dynamic linear programming has since 
been used in a number of farm firm growth models. 
Smith used dynamic linear programming to determine optimum farm 
plans for a five-year period under three alternative levels of conserva­
tion. The objective function was discounted net price of each activity 
using a 6% rate of discount. The amount of capital available in year 
one was arbitrarily set at an amount sufficient to provide for consump­
tion in the first year with enough left to allow for all land to be 
cropped. No additional borrowing was allowed. A fixed annual figure 
for family consumption was included in the model but other fixed costs 
are exogenous to the model and were subtracted from the returns shown 
in the model to obtain net income. 
Smith's model cannot be termed a growth model because it does not 
make provisions for borrowing capital, hiring labor, acquiring additional 
land or expanding the livestock capacity. It can however, be considered 
a forerunner among growth models, as it explicitly introduces time into 
farm planning and clearly shows that the same farm plan may not be best 
for each year if profit maximization over time is the goal of the farm 
operator. Other contributions of this model are the introduction of 
dynamic linear programming to farm planning and the techniques necessary 
for inter-year transfer of capital and other resource restrictions. 
Loftsgard used a dynamic linear programming model to develop 
optimum farm plans for eight consecutive years. Maximum present value 
of future returns was used as the objective function with all returns 
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discounted at the rate of 6% per year. A previously determined, stable, 
long-run cropping plan was included as a fixed activity for each year of 
the dynamic model. This limited expansion to the livestock enterprises, 
which grew from 45 hog litters the first year to 80 hog litters and 48 
short-fed heifers the last three years, which was the limit allowed for 
these activities. Surplus capital was accumulated the last three years. 
Consumption was included as a fixed activity each year but varied in 
amount based on the farm family's expected living costs for each of the 
eight years. Income and social security taxes were included in the con­
sumption activity at a fixed amount each year. Other fixed costs were 
subtracted from the net return shown by the model to arrive at a net 
income figure for each year. 
Loftsgard's model was developed for a specific farm used in a case 
study. The capital available at the beginning of the program was the 
amount specifically available to the farm operator. Additional borrow­
ing was not allowed and there were no provisions in the model for ac­
quiring additional land or expanding the restrictions on livestock 
activities. Capital over and above that needed for consumption, operating 
expenses and fixed costs for any year was transferred to the following 
year and was available for consumption, expenses or livestock expansion 
in that year. Loftsgard's model is similar in many respects to Smith's 
but it did consider a longer planning period and placed somewhat more 
emphasis on the expansion which took place in the livestock activities 
over time. 
Martin (33) selected a representative farm resource situation and 
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investigated capital accumulation problems on this representative farm 
over a thirty-year planning period. Only one production activity was 
included in the model and it was defined on a per acre basis. This 
composite production activity included a fixed proportion of a number 
of crops and two livestock activities. Capital and machinery require­
ments were also defined on a per acre basis for this production activity. 
Defining the production activity in this manner forced an increase in 
each enterprise by the same proportion to achieve growth. Constant 
returns to scale were assumed. 
Martin's model allowed additional land to be acquired through cash 
purchase, an amortized mortgage loan or by cash renting. Labor could be 
hired and equipment and livestock purchased as required for each acre 
increase in the production activity. Operating capital could be borrowed 
at the rate o:: $1.00 for each $2.00 of the unmortgaged value of available 
security. A consumption function was included in the model with a fixed 
amount of consumption of $3,000 per year plus 25% of the net returns. 
In addition to the inter-year transfer of reinvestment or surplus capi­
tal, this model has three other inter-year relationships. First, any 
land or machinery capacity added in any year is available for all future 
years and creates security or loan collateral for the following years. 
Second, any operating capital borrowed is considered to be a perpetual 
loan requiring interest payments in all following years and third, any 
land acquired on an amortized mortgage loan basis requires loan payments 
of principal and interest in all following years. 
Martin used a number of objective functions and found that 
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maximizing the present value of net returns is an effective management 
strategy to maximize capital accumulation and growth, even when growth 
is measured in several ways. The structure of the farm firm itself was 
found to be most important with respect to capital accumulation over 
time and tended to overwhelm any differences between objective functions. 
This study showed that required capital withdrawals were the most impor­
tant factor in farm growth and capital accumulation. Increasing capital 
withdrawals for consumption purposes or the annual capital withdrawal 
needed to make payments on an amortized land purchase resulted in sig­
nificantly lower growth rates. The study also pointed out the importance 
of security or collateral. A failure to use this resource to its fullest 
in order to borrow additional capital shows up in a reduced rate of cap­
ital accumulation and growth, the same as the failure to use other owned 
resources to their fullest. 
The model developed by Martin has a number of features necessary or 
desirable in a growth model as indicated above. However, as with any 
pioneering efforts into a relatively new field, there are also a number 
of limitations or unrealistic assumptions in the model. Fixed prices 
and input-output coefficients are used for the entire thirty-year plan­
ning period. All prices and coefficients are assumed to be known with 
certainty in period one for all future time periods. The single and 
fixed production activity is also undesirable, as it does not allow the 
farm firm to change its production activities over time in response to 
changes taking place either within or outside the firm. All inputs were 
assumed to be available in a perfectly divisible form, while in actuality 
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many are indivisible. Land, machinery and often labor can only be 
acquired in relatively large and indivisible units. 
The model developed by Johnson (25) is very similar to Martin's 
model. A major difference is the attempt by Johnson to incorporate 
uncertainty into his model. The models discussed up to this point have 
assumed perfect knowledge over the entire planning, that is, known and 
fixed prices, yields and technical coefficients. Developing his model 
for a dryland farming area where crop yields are highly variable, John­
son selected yields at random from a probability distribution based on 
time series yield data. These random yields are then assigned to each 
of the fifteen years covered in his model and the model maximized based 
on the income associated with these random yields. The model was run 
a total of twenty times with a different set of randomly selected yield 
coefficients for each run. The twenty results gave a distribution of 
outcomes which were used to compute mean and variances for the net worth 
at the end of the fifteen-year planning period. 
While his model contains a stochastic crop yield variable, Johnson 
correctly points out that his model is still one which assumes perfect 
knowledge in one sense. The model is maximized after the stochastic 
yields are assigned to each year with the result that, even though the 
yields vary from year to year, the model is maximized as though the yield 
for each of the fifteen years is known in advance with complete certainty. 
Risk and uncertainty are difficult to incorporate into a growth 
model. One procedure which would more nearly simulate the situation 
faced by farmers would be to maximize the model oyer the relevant 
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planning period using long-run average prices and yields, some weighted 
average of the past or some other procedure to approximate the price 
and yield expectations actually used by farmers. This would give a 
farm plan for the first year after which random yields and prices 
selected from the appropriate probability distributions could be used 
to compute the actual outcome for the first year. The results could be 
used to update the restrictions for the second year and the entire process 
repeated again. 
While this is a realistic approach to the problem of risk and un­
certainty, it is a slow procedure and the results would be applicable 
to only one of an infinity of possible crop yield and price combinations. 
As with Johnson's model, the entire procedure would need to be repeated 
a number of times to obtain a distribution of outcomes from which mean 
and variance could be computed. 
Part of the procedure needed for the above model is incorporated 
in a recursive programming model used by Heidhues (18). He uses a 
sequential optimizing technique whereby the solutions obtained for one 
time period are used to determine parameters for the succeeding period. 
Each time period is three years in length and the optimum farm plan 
obtained for this time period gives some activity restrictions in effect 
at the end of the time period which are then used as restrictions at the 
beginning of the next three year period to be considered. Heidhues also 
increases the amount withdrawn for consumption, some input prices and 
the crop yield coefficients to reflect the changes occurring in a growing 
economy and an improved technology. This model is then optimized and 
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the entire process repeated again. While the model is maximized assuming 
perfect knowledge of yield and prices, the relevant planning period is 
only three years long. This allows changes to be made in the yield and 
price expectations before each three year model is run. 
Patrick and Eisgruber (36) studied the effects of changes in the 
managerial ability of the farm operator and the capital structure on 
farm firm growth using a simulation model. The different management 
abilities were simulated by increasing crop and livestock yields by 10% 
for the above average manager and decreasing them by 10% for the below 
average manager. The effects of changes in the capital structure were 
studied by varying the interest rate and different loan limits on both 
long-term and intermediate-term loans. The different combinations were 
simulated over a twenty-year period to determine their effects on net 
worth, land acquisition, total indebtedness and family consumption. 
The results of this simulation model show that managerial ability 
of the farm operator has the major influence on rate of growth of the 
farm firm among those factors studied. The farm operator with above 
average managerial ability, as represented by increased crop and live­
stock yields, increased his net worth much faster than the average manager. 
This increase in net worth provided more loan collateral and the resulting 
increase in loans available allowed the above average manager to acquire 
land earlier. Below average managers could not purchase land and make 
the debt payments required while maintaining consumption at the level 
required by the model. Higher interest rates and lower loan limits had 
the expected results of reducing the money available for family 
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consumption, lowering the rate of net worth accumulation and delaying 
the time when enough capital could be accumulated to purchase land. 
Changes in the loan limits for intermediate-term loans had only minor 
influence on net worth accumulation particularly in combination with a 
high limit on long-term loans. In this instance, long-term loans were 
refinanced in place of using intermediate-term credit. 
The multi-period linear programming model developed by Boehlje and 
White (4) assumed a ten-year planning horizon and used constant tech­
nical coefficients and input and output prices for the entire ten years. 
A number of alternative production activities were included in the model 
along with both internal and external investment activities. 
The model resulted in heavy emphasis on corn and hog production 
activities for the growing farm firm with capital being consistently 
substituted for labor as capital availability increased. Boehlje and 
White found high shadow prices existing on restrictions and capital in 
the early years of their model and concluded that the typical institu­
tional credit restrictions based on collateral are factors limiting the 
early growth of a farm firm. As discussed in an earlier section, they 
studied two objective functions: 1) maximization of the discounted 
stream of disposable income and 2) maximization of net worth at the end 
of the planning horizon and obtained quite different combinations of 
production activities, growth rates, consumption, and net worth for the 
two functions. 
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DEVELOPING A FARM FIRM GROWTH MODEL 
The farm firm growth models discussed above illustrate some of the 
features unique to a farm firm which must be taken into consideration 
when developing such a model. These unique features need to be incor­
porated into any farm firm growth model which purports to be realistic 
in any sense. A discussion of the differences between a typical farm 
firm and a typical industrial corporation will serve to further identify 
those which must be incorporated in a farm firm growth model. 
The inability to distinguish between the firm and the household is 
the first unique feature. A typical family farm is both firm and house­
hold with little conscious effort made to separate the two. As a gen­
eral practice the farmer does not pay himself or other family labor a 
wage but takes money from the farm business for consumption purposes as 
needed and/or available. The "wage" or amount of farm income used for 
consumption purposes will generally vary in some way with the size of 
the farm firm income. A farm firm growth model then, needs to make 
provision for income withdrawals for consumption purposes which is func­
tionally related to farm firm income. The continued conflict between 
family consumption and retaining income in the farm firm business for 
growth purposes is basic to a situation of this type. 
Farm firms are typically not a corporation but a single proprietor­
ship. Partnerships exist but are usually between close relatives such 
as father and son or between brothers. The single proprietorship and 
partnership result in the owners and managers being one and the same 
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person or persons. Liabilities incurred and risks taken by the firm 
are, in a typical farm organization, indistinguishable from liabilities 
incurred and risks taken by the individual or individuals concerned. 
The farm firm owner and manager need not consult a board of directors 
or stockholders before making a decision and has only himself to satisfy 
with the results of his decisions. While farm corporations are becom­
ing more prevalent the majority are still a family farm corporation. 
The stockholders tend to be very limited in number and related by blood. 
These family farm corporations are virtually indistinguishable from 
single proprietorships or partnerships in their everyday operation. The 
primary reasons for incorporation are generally the limited liability 
aspect of corporations, possible tax advantages and the ease of asset 
transfer from one generation to the next. 
Another difference between an industrial corporation and the typi­
cal farm firm is in the type of output markets they face. Farm firms 
operate under conditions approaching the theoretical perfect competition. 
This is particularly true in the Midwest where there are a large number 
of farmers producing the same homogeneous grain and livestock products. 
This output market condition means that a farmer can increase his pro­
duction to any amount without affecting the price he receives for it. 
On the other hand, many industrial corporations produce either a signif­
icant percentage of the total production of a specific commodity or 
produce a differentiated product. In order to increase output, a firm 
of this type must either: 1) produce a new product, 2) find new markets 
45 
for its present product or 3) reduce its selling price in order to sell 
the increased production. All of these alternatives involve costs which 
are not faced by the typical farm firm wishing to expand its production. 
Farmers operate in an input market which has mixed characteristics. 
Items such as feed, chemicals, fertilizer and machinery can normally be 
purchased in increasing quantities without driving up the price. More 
typically there would be economies of scale associated with these inputs 
due to quantity discounts. In the short run, the labor market is imper­
fect. Seasonal labor and usually full-time farm employees are hired 
from the immediate area and additional labor needed by a growing farm 
firm, if needed in any quantity, would require paying higher wages. 
Labor is not completely mobile in the short run and therefore a limited 
supply is available at any one time in any one rural community. 
The land market is highly imperfect. Land is fixed in quantity, 
completely immobile and available for sale or rent in rather limited 
quantities at any one time. This situation is further complicated by 
the practical and economic limitations on the distance a farmer can tra­
vel to cultivate a piece of land. Purchasing or renting land at a given 
time, in a geographical location and in a suitable amount is one of the 
real obstacles facing a farm firm seeking to grow by increasing its land 
base. 
The single proprietorship farm firm faces a shorter planning hori­
zon than an incorporated industrial firm. Most farms are established, 
grow, mature and are dissolved within the working lifetime of one indi­
vidual. This "life cycle" of a farm firm results in less long-range 
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planning particularly in the later years. As the farm owner-operator 
approaches retirement there will be less incentive for long range 
investments and growth plans and more attention paid to paying off 
debts, reducing the farm production activities to fit the reduced phys­
ical capacity of the farm operator and devising methods to transfer the 
farm assets to the next generation. The growing farm firm may continue 
to be a viable and growing organization if it is a father-son partner­
ship or a family corporation. In either case, the early inclusion of 
the next generation in the operation of the firm can provide for the 
continuation of the firm, lengthen the planning horizon and result in 
more long-range investments and plans for growth. 
The farm firm faces a number of highly indivisible production in­
puts. While an industrial corporation may also be faced with indivis­
ible inputs, the magnitude of these inputs is not as likely to be large 
in relation to the size of the firm as it is with a farm firm. Land is 
seldom purchased or rented in less than 80 acre units for agricultural 
purposes in the Midwest and may often run 160 acres in size or larger. 
Instead of buying or renting land a few acres at a time as he acquires 
the management and capital to do so, a farmer must accumulate enough 
capital over time to purchase or rent 80 or 160 acres or more at one 
time. Buildings, equipment and farm machinery can be purchased in a 
variety of sizes and capacities but there is often a minimum size avail­
able or some minimum below which it is not practical or economical to 
even consider the investment. 
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Risk and uncertainty are factors affecting all firms as no firm 
can obtain enough information to determine the exact outcome of all pos­
sible alternatives and the course of future events. However, the farm 
firm faces a number of conditions which increases the amount of risk 
and uncertainty which must be taken into consideration when planning 
for growth. Because of the perfectly competitive nature of his out­
put market, the farmer is a "price-taker." Most industrial firms can 
exert some influence on the price they receive for their products be­
cause of the amount of the market they control or because they produce 
a differentiated product. The farm firm has no control over output 
price and must take whatever price is offered as determined by supply 
and demand conditions existing at the end of its production process. 
The farm firm also faces additional risk and uncertainty in the 
production process itself. Industrial production processes are often 
sufficiently controlled so the use of a specific amount of inputs will 
result each and every time in a fixed and known quantity and quality of 
output. Farm production processes cannot be as rigidly controlled and 
the output resulting from a fixed amount of inputs cannot be accurately 
anticipated because of the effects of weather, insects and diseases. 
The inputs themselves are not homogeneous with different seed varieties, 
strains of livestock, types of soil, etc., giving different and often 
unknown and unanticipated outcomes to production processes. 
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Programming Techniques with Application to Growth Models 
Linear programming is an optimization technique used to find the 
optimum or "best" solution, as defined by some criteria, from among a 
number of possible or feasible alternative solutions. It came into 
use during World War II and since that time has been used to solve 
problems in many fields. Modifications and extensions of the basic 
linear programming procedure continue to broaden the number and types 
of problems that can be solved by this technique. Over this same period 
of time, high speed, large capacity electronic computers have been 
developed which allow solutions to very large linear programs to be 
obtained rapidly and economically. 
Mathematically, linear programming can be described as a procedure 
to maximize a linear objective function subject to a number of linear 
restraints. A linear programming model may be stated in matrix 
notation as: 
Maximize CX = Z 
Subject to B a AX 
X » 0 
In its application to the problem of developing a farm plan for a 
single year where the objective to be maximized is net income, C is a 
vector of net revenues from the various production processes to be con­
sidered. The vector X contains the different production processes which 
are the variables to be determined. Matrix A is a set of coefficients 
which describe the amount of each resource needed for one unit of out­
put from each of the production processes. Vector B specifies the amount 
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of the scarce resources available to the farm and the second restric­
tion insures that no production process or activity is carried on at 
a negative level. 
Program formulations of this type have been used to develop farm 
operating plans under a variety of conditions and resource restrictions. 
The linear programming problem described above is a static or single 
period model. A growth model must incorporate time in order to show 
growth or a change in size from one time period to another. Program­
ming procedures used to solve a growth model must therefore allow for 
a solution which contains an optimum farm plan for a number of time 
periods as well as providing for a means to change the resource restric­
tions from one time period to the next as they are added to or used up. 
One method of incorporating the necessary time element into the 
programming model is to use dynamic linear programming. This is the 
^ technique used by Loftsgard (28), Martin (33) and Johnson (25). The 
use of dynamic linear programming requires that each variable or coef­
ficient be identified as to the time period in which it exists. The 
same variable existing in different time periods would be considered 
different variables. All variables would have at least two subscripts, 
one identifying the variable and the other the time period. 
A dynamic linear programming model in matrix notation can be writ­
ten: 
Maximize CX = Z 
Subject to B * AX 
X * 0 
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These matrices can now be divided into submatrices with each submatrix 
covering one time period. The input-output matrix A can now be written; 
A = 
where each submatrix A^ contains the input-output coefficients for time 
periods 1, 2, , t. This dynamic formulation of a linear program­
ming model must allow for these submatrices to have overlapping rows 
and columns. Interrelationships between years result in the overlapping 
as in the case of transferring unused resources from year i to year 
i + 1. 
The vectors B, C and X can also be divided into subvectors — one 
for each time period in the model. Subvectors of B specify the avail­
ability of scarce resources in each time period and will likely contain 
different values from one subvector to the next as scarce resources are 
used up or created by an earlier production activity. The subvectors of 
C contain the returns associated with each production activity being 
considered and these returns may vary from time period to time period 
because of different price expectations or a factor used to discount 
future returns. In a similar manner, X can be divided into subvectors 
each showing the production activities to be considered in the respec­
tive time period. The set of production activities may also vary from 
one subvector to the next as new activities or processes become avail­
able and are considered in the set of production possibilities or as 
\ 
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other production activities or processes are eliminated over time. 
A dynamic linear programming model assumes prices, yields and co­
efficients are known or can be determined for each of the future time 
periods. Determining the proper values to use in the model may be 
difficult, but this difficulty is not a function of the programming 
technique used but rather is a problem facing any researcher who is 
doing research related to future time periods. Another feature of a 
model of this type is the implied length of the planning horizon. 
The model is optimized over the entire period of time being considered 
and the plans developed for the first few time periods are those which 
will result in the best use of scarce resources in these time periods 
in order to maximize the objective function for the total length of 
time included in the model. 
A distinction needs to be made between dynamic linear programming 
and dynamic programming. The term dynamic programming has come to be 
used to describe a computational technique suitable for solving certain 
types of multi-stage or multi-period problems where time may or may not 
be involved. Dynamic linear programming is simply the application of 
linear programming to a problem involving more than one time period 
as opposed to a single-period or static problem. 
Minden (34) has shown how dynamic programming can be used in farm 
firm growth research. The multi-stage aspect of dynamic programming 
readily adapts to a growth model by calling each time period a stage. 
However, other features of dynamic programming severely limit its use 
in realistic firm growth models at the present time. The resources 
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available for use in production correspond to state variables in dynam­
ic programming formulations and these must be limited to keep the com­
putations within manageable proportions. Any combination of a large 
number of state variables or many stages results in a massive number 
of computations. Also, there is no standard algorithm for solving 
dynamic programming problems because of its adaptability to a wide 
range of problems. 
A programming technique developed by Day (12) eliminates the long 
planning horizon implicit in a dynamic linear programming model covering 
a number of years. Day calls his technique recursive programming and 
used it to predict crop production response in the Mississippi Delta. 
In his model, net returns and acreage planted for each of a number of 
crops in a base year are used in a model predicting acreage and net 
returns for each crop the next year. A linear program is solved to 
obtain the predictions which are then inserted into a linear program­
ming model to obtain predictions for the second year. This process is 
repeated for a number of years tracing out a pattern of crop produc­
tion where some of the parameters for a given year are determined by 
the optimal solution for the preceding year. 
A linear recursive programming model of farm firm growth can be 
expressed in matrix notation as: 
Maximize C(t) X(t) = Z(t) 
Subject to A(t) X(t) s B(t) 
X(t) ® 0 
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where there is now a series of linear programming models — one for 
each time period t -- and where the elements in any vector B(t) are 
dependent upon the optimal values obtained for the previous year. 
This relationship might be expressed as: 
B(t) = f [B(t-l), X*(t-1), +V(t)] 
where the resource restrictions in time t are determined by the 
resources available in the previous time period and the optimal var­
iables (X*) obtained from the solution to the linear program for the 
previous time period. The vector V(t) allows for external changes in 
the resource restrictions as might occur through gifts, inheritances 
or natural disaster. Elements in C and A may differ between time 
periods to account for changes in price expectations and technology. 
An important difference between recursive and dynamic linear pro­
gramming is the optimality of solutions relative to the complete time 
period under consideration. Dynamic linear programming gives an optimal 
solution for the entire planning period as mentioned before. Recursive 
programming provides a sequence of optimal solutions, one for each time 
period, and while these solutions satisfy the maximization conditions 
for the time periods taken one at a time, the sequence cannot be expect­
ed to necessarily satisfy these conditions for the entire planning per­
iod . 
One of the basic assumptions in linear programming is that the 
variables to be determined are continuous. They are restricted to 
being postive and may be restricted to some range, but must be able to 
take on any value within this range to maintain linearity. This 
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assumption of complete divisability of variables is not restrictive 
in many cases but in others it does not allow the problem to be for­
mulated in terms compatible with the real world. Sometimes the prob­
lem can be alleviated by defining the units small enough that frac­
tional answers can be ignored; for example, pounds instead of tons. 
Other situations will not allow the problem to be solved in this 
manner. 
This problem of indivisibility is troublesome in farm firm growth 
models because many of the activities used are not perfectly divisible 
in a practical sense. Custom, physical characteristics or economics 
may dictate the minimum size of some variable and its use in discreet 
units. Integer programming is a form of nonlinear programming devel­
oped to deal with problems where all or some of the variables are 
restricted to integer values. If all variables are restricted to in­
tegers, Hadley calls this an all integer problem and if some variables 
are restricted to integers while others can vary continuously, he calls 
this a mixed-integer-continuous variable problem (16, p. 251). 
In matrix notation, an integer programming problem would appear 
as a linear programming problem with one additional restriction. 
This restriction would be that some or all of the Xj must be integers. 
Most integer programming problems are of the mixed integer-continuous 
variable type, because the slack variables can be allowed to vary 
continuously. The algorithms presently used to solve integer program­
ming problems frequently require a very large number of iterations 
and a large amount of computer storage capacity relative to the size 
55 
of the problem. This has restricted the use of integer programming 
to relatively small problems and discouraged its use in farm firm 
growth models which tend to be quite large. Colyer (9) developed 
a five-year capital budgeting problem for a farm firm using mixed-
integer programming but indicated the model has to be simplified be­
cause of limited computer capacity and difficulties with the integer 
programming algorithm. 
Farm firm growth models can be formulated using one or more of the 
above programming techniques in combination. For example, Heidhues (18) 
combines dynamic linear programming with recursive programming. He 
uses dynamic linear programming to solve a farm firm growth model three 
years in length and the solution to this model is recursively related 
to a model covering the next three-year period. This procedure implies 
a three-year planning horizon with the farm plan developed for all 
three years in one optimizing decision. 
Integer programming techniques can be incorporated into dynamic 
linear programming, recursive programming or any combination of the 
two. Requiring appropriate variables to have integer values adds 
realism to any growth model. With the development of more efficient 
algorithms and computers with larger capacity, integer restrictions on 
some of the variables can be more effectively used in farm firm growth 
models. 
56 
OBJECTIVES OF THE STUDY 
As discussed in the introduction, farm numbers have been decreas­
ing for a number of reasons and this trend is expected to continue. 
The number of farmers has been decreasing and farms have been grow­
ing in size as measured by the number of acres per farm or volume of 
output. The remainder of this study is concerned not with the causes 
of the decline in farm numbers or with the problems facing those who 
must or elect to leave farming and seek employment in other areas but 
with the problems of those who remain in a commercial agriculture which 
is going through a technological revolution. 
This study will attempt to provide some answers to problems facing 
a young farmer who is committed vocationally, financially or otherwise 
to a full-time career in farming. It will not consider the problems 
of getting a start and getting established in farming but, recognizing 
these problems do exist and are insurmountable in some cases, will 
assume this barrier has been passed. The problems to be studied are 
those of an established farmer who wishes to expand the size of his 
farming operation for whatever the reason be it to increase his income 
and/or consumption over time, to reach and maintain a size which ex^  
ploits all or most of the economies of scale or just for the prestige 
and self-satisfaction of operating a larger farm business. 
Specifically this study will: 
1) Develop a dynamic linear programming growth model for a farm 
firm located in the Clarion-Nicollet-Webster soil association area of 
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North Central Iowa. 
2) Use the model developed to study the effects of selected 
factors on farm firm growth, growth rates and growth path with spec­
ific reference to; 
a) Various levels of available capital 
b) Higher interest costs 
c) Higher labor costs 
d) Restrictions on labor hiring and land availability 
e) Different objective functions 
3) Use the results of the above models to determine optimal 
growth paths under various conditions and what conditions are most 
favorable for growth. 
4) Develop recommendations, suggestions and guidelines for 
farmers who wish to expand the size of their farm business. 
5) Identify areas which appear to be promising for additional 
research into the problems unique to a growing farm firm. 
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PROBLEM SETTING 
The model farm used in this study is assumed to be located in 
the Clarion-Nicollet-Webster Soil Association area of North Central 
Iowa. This is the largest soil association area in Iowa covering 
slightly over one-fifth of the total area of the state. It is an area 
with a level to gently rolling topography and with a high percentage of 
land under cultivation. 
Corn and soybeans are the main crops with small amounts of oats and 
rotation pasture raised primarily as they are needed as part of a live­
stock program. The Clarion-Nicollet-Webster Soil Association area 
lies within that part of North Central Iowa commonly referred to as the 
cash grain area. While cash grain farming is the most common type of 
farm organization found in the area, farms with intensive livestock 
operations can be found throughout the soil association area. Hog 
raising and cattle feeding are the primary livestock activities. 
The model farm in this study and the farm operator were not 
selected as being necessarily "typical" or "average" for this area. 
The intent of this study is to develop a growth model for those farms 
within the Clarion-Nicollet-Webster Soil Association area which are 
most likely to grow, expand, and become the dominant type of farm in 
this area in the future. 
We would expect the farm operator on this type of farm to be rela­
tively young, aggressive and possess average or better management abil­
ity. He probably started farming with a better than average capital 
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position and because of this and his better than average management 
ability, has been able to acquire productive resources at a rate exceed­
ing other farmers in the area. If his credit source recognized his 
management ability early in his fanning career, they may also have 
assisted by making larger amounts of borrowed capital available. We 
would expect a farm operator of this type to have a farm of at least 
average or better size for the area and to have some livestock enter­
prises as a means of keeping himself fully employed for the year. 
The beginning conditions for the farm include a farm operator 
assumed to be a young man in his late twenties or early thirties, mar­
ried with three children. He has above average management ability and 
is farming 320 acres, one-half of which is being purchased and the other 
one-half rented under a crop-share lease. Under assumptions to be 
developed later in this study, he has an equity of $48,000.00 in land, 
buildings, and machinery. 
A study in Ohio by Rafeld and Shaudys (40) seems to confirm the 
above assumptions. They observed a group of farms over a five-year 
period and then divided them into two groups, the "fast growers" and 
the "slow growers" based on the observed increase in resources con­
trolled over the five years. Rafeld and Shaudys concluded that, 
given an adequate resource base, the operators of the fastest growing 
farms were younger, used more borrowed capital, had lower equity and 
considered growth to be an important personal goal. Little difference 
in efficiency factors and resource availability was noted between the 
groups leading to the conclusion that personal goals, characteristics 
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and abilities of the operator were probably the more important factors 
in determining the rate of growth. 
Initial Resource Position 
Land 
The model farm consists of 320 acres of which 160 acres is being 
purchased with a mortgage loan and the remaining 160 acres is rented 
under a crop-share lease. It is assumed to be average land for the 
Clarion-Nicollet-Webster Soil Association area and to have a value of 
$500.00 per acre. After allowing for roads, waste and farmsteads, it 
is 95% tillable providing 304 crop acres. No permanent pasture exists 
and all tillable land is capable of continuous row crop production. 
Buildings 
An above average set of buildings exists on the farm being pur­
chased. Specifically, adequate grain storage is assumed along with 
swine facilities consisting of an open front shed with concrete fin­
ishing floor, capable of finishing 100 head at one time, portable swine 
buildings for the sow herd and for finishing fifty market hogs at one 
time on pasture. A fifteen-stall farrowing house is available. Cattle 
facilities on the fam consist of a bunker silo, open front shed and a 
feed lot capable of handling 100 feeder cattle. Building condition is 
assumed to be such that only routine maintenance will be needed for 
the time period under consideration. 
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Machinery 
The initial machinery base on the farm is adequate to farm the 
320 acres. Present depreciated value of the machinery is $16,000.00. 
This includes machinery necessary for the cropping activities as well 
as that needed for the livestock enterprises such as manure spreaders, 
grinder, feed wagons, etc. 
Labor 
The initial operator labor supply is 2800 hours per year as 
computed in Table 54 in the Appendix. As shown in the table, 500 
hours of overhead labor is subtracted leaving a total of 2300 hours of 
operator labor available for production activities each year. The de­
duction for overhead labor is to cover such activities as farmstead 
maintenance, machinery repair, and buying and selling activities. 
Labor availability is considered in four time periods with the 
2300 hours available for production activities divided as follows: 
September - October - November 680 hours 
December - January - February - March 616 hours 
April - May - June 680 hours 
July - August 324 hours 
TOTAL 2300 hours 
Capital and equity 
The effects of various levels of beginning capital on the growth 
of a farm is one of the factors to be studied in this model. For this 
reason, various levels of beginning capital available to the farm oper­
ator will be specified for submodels considered in this study. 
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The farm operator has a $48,000.00 equity in his farm business. 
This is calculated on the basis of a $200.00 an acre equity in the 
160 acres being purchased with a mortgage loan and a $16,000.00 pre­
sent depreciated value for the farm machinery. 
Management 
The farm operator in this study has above average management 
ability. This above average management ability is evidenced in such 
things as timing of field operations, proper selection of seed vari­
eties and fertilization levels, proper levels and ratios of livestock 
feed rations, and other factors which result in better than average 
output from a given level of resources or fewer resources required for 
a given level of output. Management ability is assumed adequate and 
constant for any scale of operation that inight result from any of the 
models considered. 
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DESCRIPTION OF MODEL 
The growth model developed in this study is built within the 
framework of dynamic linear programming. This model is dynamic in the 
sense that time explicitly enters the model with all technical coeffi­
cients, variables, and resource restrictions dated to identify the time 
period in which they occur. A number of inter-year relationships also 
contribute to the dynamic nature of the model. 
Dynamic linear programming was used in this study for several 
reasons. First, the fast and efficient MPS routine used to solve linear 
programming problems is immediately and directly adaptable to solving 
a dynamic linear programming model. This is a proven routine and is 
capable of solving problems as large as was anticipated in this study. 
The indivisible nature of many of the inputs in the growth model 
developed for this study would make the use of integer programming de­
sirable. At this time, however, an integer program capable of solving 
a problem of the size used in this study is not available for use on 
the IBM 360 computer. Also, integer program solutions take relatively 
large amounts of computation time making the cost prohibitive for a 
large model. As larger and more efficient integer programming rou­
tines become available, it may be possible to use an integer program 
to solve a model of this type. 
Recursive programming using one or several years in each solu­
tion would be a highly useful technique to use with a growth model. 
It was not used in this study because of the desire to obtain some long 
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run solutions to a growth model. Obtaining optimal solutions for the 
entire time span under consideration was given preference over obtain­
ing optimal solutions to a related series of short run problems. 
The original model developed for this study covered a time 
period of fifteen years and had a matrix of 623 rows and 1,073 columns. 
An IBM 360/50 computer utilizing the MPS routine was used in an attempt 
to obtain a solution to this model. Using the time required to obtain 
a solution to problems of similar size, it was estimated that a solu­
tion would be obtained within approximately forty-five minutes of compu­
tation time. After this time estimate had been substantially exceed­
ed and an optimal solution had not been obtained, steps were taken 
to ascertain the completeness of the model and to check the accuracy 
of the coefficients. No errors were found and a printout of the cur­
rent solution to the problem gave no indication of any errors inherit 
in the model itself. A printout of the current solution was obtained 
after each of several more attempts to obtain a solution. Each of 
these partial solutions indicated covergence toward a solution but 
progress was slow and there was no way of estimating the time yet re­
quired to obtain an optimal solution. Neither was there any evidence 
of cycling. After approximately six hours of computation time, this 
procedure was abandoned and an effort made to find a more efficient 
method for arriving at an optimal solution. 
A decision was made to try and obtain a solution for a three-year 
model using the same data, model structure and the MPS solution routine. 
Obtaining an optimal solution to this small model would verify the 
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Table 1. Computation time required to obtain optimal solutions 
Years added Matrix Computation 
to model size time 
1,2,3 137 X 209 122.6 seconds 
4 180 X 281 103.0 seconds 
5 221 X 353 277.6 seconds 
6 262 X 426 500.1 seconds 
7,8 344 X 570 3,917.9 seconds 
internal completeness and consistency of the fifteen-year model be­
cause the small model contained all the features and inter-relation­
ships of the large model. An optimal solution to the three-year model 
was obtained with 122.6 seconds of computation time. Beginning with 
the basis obtained by solving the three-year model, the fourth year 
was added to the model and an optimal solution was obtained with an 
additional 103 seconds of computation time. This same procedure was 
used to add the fifth and sixth years and then to add the seventh and 
eighth years together. Table 1 shows the total matrix size and the 
additional computation time required to obtain an optimal solution for 
each of these models. 
It became obvious that to continue this procedure further would 
require large amounts of computation time. Because of this, and the 
consistency of the expansion activities entering the solutions, a de­
cision was made to terminate this procedure and utilize the eight-year 
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model as the basis for this study. A projection of the time re­
quired to add additional years to the model indicated a high cost in 
computation time and indicated further that the original fifteen-year 
model would require a very large amount of computation time to obtain 
an optimal solution. 
The large amount of computation time required to obtain an optimal 
solution to the model was apparently caused by the large number of 
inter-year relationships in the model. These relationships necessi­
tate changes in both preceding and following years whenever there is a 
change in the activities entering the solution in any year or a change 
in the scale of some activities. Adjusting to the effects of a change 
in an activity with strong inter-year relationships, tracing out these 
effects and performing the necessary calculations consumed a large 
amount of computer time with each iteration providing only a small 
amount of progress toward an optimal solution. There are also five 
equality restrictions for each year in the model but there was no in­
dication these equalities contributed substantially to the time re­
quired to obtain an optimal solution. 
The coefficient matrix for the model used in this study is pre­
sented in block form in Figure 1. Coefficients for each year are 
represented by the larger blocks labeled a^ j and can be seen to over­
lap in both rows and columns with the coefficient matrix for the pre­
ceding and following years. This overlapping results from the inter-
year relationships in the model. 
Overlapping rows between adjoining years are caused, by production 
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activities in year t which produce intermediate products which are 
used by a production activity in year t + 1. This occurs in this model, 
for example, in the corn and soybean production activities which pro­
duce a standing crop in the field during the year of planting which is 
in turn used as an input for the corn or soybean harvesting activity 
in the following year. Tht crop activities also produce crop stubble 
in each year which is used during the following year as a land restric­
tion for the various crop activities. 
Columns overlap between adjoining years whenever there is a trans­
fer of resources between years. Capital transfer between years is an 
example. This model also has column overlapping which includes all 
following years for the activities which add new physical productive 
assets to the resource restrictions. The smaller blocks in the dia­
gram represent this type of column overlapping. These activities add 
to the resource restrictions in all following years and also add to 
fixed costs in all following years because of depreciation, taxes and 
insurance payments which become an annual obligation. Tax liability 
is also affected in all years following the purchase of a physical 
productive asset because the above items are also deductions from gross 
income when computing tax payments. 
The basic linear programming tableau contains 72 activities and 41 
restrictions or accounting rows for each year in the model. Activities 
can be further divided into 48 production, 16 resource acquiring and 8 
financial activities per year. Restrictions for each year consist of 
33 physical restrictions on production and 8 financial restrictions and 
69 
financial accounting rows. The complete tableau for the eight-year 
model contains 344 rows and 570 columns. 
The model contains eight time periods each one year in length. 
This eight-year period is hypothesized as representing the period 
of time during which most farmers are expanding their operation at 
the fastest rate. Such a period would be somewhere between the time 
when the farm operator is 28 to 40 years of age. During the first 
few years, most farmers are concerned with getting established in 
farming, acquiring an adequate land base, establishing a home base of 
operation on owned land and getting a solid financial base from which 
to expand. As a farm operator passes 40 or 50 years of age, unless he 
anticipates a son or son-in-law entering the farm business with him, 
he is likely to place less emphasis on growth and become more con­
cerned with consolidating his gains, reducing the debt load, reducing 
the physical effort he must put into the farm operation and arranging 
for the orderly transfer of his estate to the next generation. 
Each of the eight time periods in the model is assumed to run from 
September 1 to August 31. This particular definition of a time period 
had no apparent disadvantages and several advantages. It allowed any 
fall tillage practices which would be desirable for the crop to be 
planted the following spring to be considered within the same time per­
iod as the spring tillage and planting operations. Because of the re­
lationships between the preceding and current crop, different types of 
fall tillage may or may not be necessary and it was convenient to have 
all tillage operations within one time period. The time period used 
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causes corn and soybean harvest to fall one time period after plant­
ing but has the advantage of having these crops then sold within the 
same time period in which they are harvested. Because of the time 
period used, all cattle feeding activities are also completed within 
each defined time period. 
Crop Activities 
Crop activities are not defined by fixed rotations in this model. 
Fixed rotations are no longer widely used on farms in North Central Iowa 
and to emphasize some of the inter-year relationships in a dynamic 
model, the crop activities have been defined on a two-year basis. Crops 
to be grown in year t are related to the crop grown in year t-1 through 
effects on yield, fertilizer rates, amount and kind of chemicals used 
and types of tillage practices needed. 
Fall tillage operations are possible and sometimes desirable 
following some crops in preparation for the crop to be grown the next 
year. For example, fall plowing is desirable for corn because of its 
effect on yield and it is generally possible to fall plow soybean, 
oats and hay ground in preparation for corn the next year. For corn 
following corn, it is not always possible to fall plow all of this 
land after corn harvest and the model assumes one-half of the ground 
to be fall plowed for this activity. Labor requirements for the crop 
activities were adjusted to reflect not only the differences in till­
age operations for a specific crop following the various crops in the 
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previous years, but also the timing of these tillage operations. 
Crop activities considered in the model for land owned by the 
farm operator are as follows; 
1. Corn after corn 
2. Corn after soybeans 
3. Corn after oats 
4. Corn after first-year hay 
5. Corn after second-year hay 
6. Soybeans after corn 
7. Soybeans after oats 
8. Soybeans after first-year hay 
9. Soybeans after second-year hay 
10. Oats after corn 
11. Oats after soybeans 
12. First-year hay after oats 
13. Second-year hay after first-year hay 
A reduced set of crop activities was considered for land rented 
by the farm operator for two reasons. First, the rented land may be 
some distance from the base of operation making the utilization of 
forages for livestock pasture or hay inconvenient or impossible. Sec­
ondly, a landlord typically receives a fixed cash rent for hay and pas­
ture land under a crop share lease. Generally this amount is not high 
enough to make it competitive with grain crops and landlords can be 
expected to discourage the raising of forage crops on their land in 
North Central Iowa. For these reasons, forage crops were not considered 
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as cropping possibilities on rented land. 
Crop activities on rented land had to be considered as separate 
activities from the same ones on owned land because of the division of 
variable costs and crop production between the tenant and landlord. 
Rented land crop activities considered in the model are as follows; 
1. Corn after corn 
2. Corn after soybeans 
3. Corn after oats 
4. Soybeans after corn 
5. Soybeans after oats 
6. Oats after corn 
7. Oats after soybeans 
A complete listing of the technical coefficients used for the crop 
production activities on both owned and rented land can be found in 
Tables 48-53 in the Appendix. 
Crop harvesting activities are included in the model for corn, soy­
beans, corn silage and hay. Because of the time periods used, corn, 
soybean and corn silage harvesting take place in the time period after 
the one in which the corn and soybeans are planted. The hay harvest­
ing activity takes place in the same year in which the crop is grown 
but the hay harvested is not considered to be available until the fol­
lowing time period. Different corn and soybean harvesting activities 
were included for these crops grown on owned land and on rented land. 
The division of crop and, in the case of corn, the division of the dry­
ing expense necessitated using the different harvesting activities. 
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Soybeans are sold through the harvesting activity. Corn harvest­
ed as grain is placed into a transfer row to make it available for 
livestock feed and/or to be sold. A corn buying activity is included 
as well as a corn selling activity to allow for the purchase of addi­
tional corn for livestock feed should an insufficient amount of corn 
be raised for livestock feed. 
Because of the September 1 beginning date, existing crops had to 
be assumed at the beginning of the model. On owned land, there were 
76 acres of corn standing in the field, 45.6 acres of soybeans in the 
field, 15.2 acres of oat stubble and 15.2 acres of forage. Crops ex­
isting on the rented land are 76.0 acres of corn, 60.8 acres of soy­
beans, and 15.2 acres of oat stubble. The appropriate amounts of 
corn and soybeans from these acres are ready for harvest at the begin­
ning of the model. Hay from ten acres of the forage land is on hand 
at the beginning of the model leaving 5.2 acres available for hog 
pasture in the previous year. 
Livestock Activities 
A total of 21 livestock activities is included for each year 
in the model. Cattle feeding, swine raising and feeder pig feeding 
activities were considered for each year. Other types of livestock 
enterprises can be found on farms in North Central Iowa but the ones 
listed above predominate. Because of their minor importance, other 
livestock enterprises were not considered for the model. Daberkow (10) 
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found in his survey, that cattle feeding and swine enterprises were 
preferred by farmers as growth enterprises in their farm business. 
Beef cows, dairy, sheep and poultry received very little mention as 
potential growth enterprises on the farms in his study. 
Cattle feeding activities 
Three different levels of technology were considered in the cat­
tle feeding activities to represent the range of technology available. 
These are described as follows: 
Beef technology one This technology consists of a bunker silo 
for silage storage, an open front shed for cattle shelter, a concrete 
slab under the feed bunks and the associated water facilities and fenc­
ing needed for a feedlot. The cattle are fed from a tractor-pulled au­
ger wagon except for hay which is fed by hand. This type of feedlot 
facility or some variation thereof is probably the most common one in 
existence on Iowa farms. It can be found in use on farms utilizing 
it on a relatively small scale to those Iowa and Western feedlots with 
a capacity of sevezal thousand head or more. It requires the least 
capital and the highest amount of labor per head of any of the three 
technologies considered here. 
Beef technology two This technology requires more capital 
than the previous one but requires substantially less labor per head 
fed. Silage storage is in upright silos with automatic unloaders. 
The feedlot consists of an open front shed for cattle shelter, a con­
crete slab under the feed bunks and associated fencing and water facil­
ities. Feed processing and mixing takes place in a central location 
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with the feed being distributed to the feed bunks by some type of 
auger or other conveyor system. This is commonly called the "push­
button" system of cattle feeding where a minimum amount of labor is 
needed to process and distribute the feed to the cattle each day. 
Beef technology three This cattle feeding technology is 
just beginning to make its appearance on Iowa farms and consists of 
a totally enclosed, environmental-controlled building. The build­
ing floor is concrete slabs over a manure pit which is emptied only 
once or twice a year. Heat from the cattle is used to maintain warm­
er than outside temperatures during the winter and a powerful ventila­
tion system is used during the summer for cooling. Cattle are fed 
inside the building by means of an automatic conveyor system. Sil­
age is stored in an upright silo with automatic unloader as in beef 
technology two and the feed is processed and mixed in a central loca­
tion before being distributed automatically to the feed bunks inside 
the building. This technology is highly capital intensive but has 
the advantages of requiring less feed per pound of gain with addition­
al savings in labor requirements. 
A complete listing of the coefficients used for cattle feeding 
activities can be found in Tables 55 and 56 in the Appendix. A brief 
description of the cattle feeding activities is included here; 
Cattle feeding activity one This activity is the feeding of 
good to choice steer calves under technology one. Calves are purchased 
in November at a weight of 450 pounds and sold in September at a weight 
of 1075 pounds. They are wintered on a ration high in silage and then 
76 
placed on a high grain ration until ready for market. The death loss 
is 2%% of purchase weight. 
Cattle feeding activity two This activity is the feeding of 
good to choice heifer calves under technology one. These calves are 
purchased in November at a weight of 420 pounds and sold in July at a 
weight of 875 pounds. They are fed in the same manner as the steer 
calves and the death loss is also 2%%. 
Cattle feeding activity three This is good to choice year­
ling steers fed under technology one. These steers are purchased in 
October at a weight of 625 pounds and sold in July at a weight of 
1175 pounds. After gleaning the corn fields in the fall, they are 
placed on a finishing ration high in silage until ready for market. 
The death loss is 1% of purchase weight. 
Cattle feeding activity four This activity is good to choice 
steer calves fed under technology two. This activity is the same as 
number one except for the technology used. 
Cattle feeding activity five Activity five is good to choice 
heifer calves fed under technology two. This is the same as activity 
two except for the technology used. 
Cattle feeding activity six This activity is the feeding of 
good to choice yearling steers under technology two. Activity six is 
the same as number three except for the technology used. 
Cattle feeding activity seven This activity is two lots of 
good to choice heavy yearling steers fed under technology two. Activi­
ty seven is designed to fully utilize the cattle feeding facilities 
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during the year. One group of heavy yearling steers weighing 750 
pounds is purchased in September and sold in March at 1150 pounds. A 
similar group is purchased in March and sold in September. These cattle 
are placed on a high silage finishing ration upon arrival in the feed-
lot and they are continued on this ration until ready for market. 
Death loss is assumed to be 1% of purchase weight. 
Cattle feeding activity eight Activity eight is good to choice 
steer calves fed under technology three. This is the same as activity 
number one except for the technology used and a reduction in death 
loss to 2% because of the better housing available under technology 
three. 
Cattle feeding activity nine Good to choice heifer calves are 
fed under technology three in this activity. This is the same activity 
as number two except for the technology used and a reduction in death 
loss to TU. 
Cattle feeding activity ten This activity is good to choice 
yearling steers fed under technology three. Activity ten is the same 
as number three except for the technology used and a reduction in 
death loss to 3/4 of 1%. 
Cattle feeding activity eleven Activity eleven is two lots of 
heavy yearling steers fed under technology three. This is the same ac­
tivity as number seven except for the technology used and the reduction 
in death loss to 3/4 of 1%. 
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Swine activities 
Four levels of technology are included in the various swine ac­
tivities. They were selected to represent the various types of swine 
raising technology available, but do not necessarily represent all 
possible combinations of technology. 
Swine technology one This is an all-pasture system with both 
farrowing and finishing taking place in portable buildings on pasture. 
It has the lowest capital requirement per litter of any of the tech­
nologies considered but requires more land and labor per litter than 
the other technologies. 
Swine technology two This technology includes the use of a 
central farrowing house for farrowing and portable buildings for fin­
ishing hogs. The hogs are finished in the portable buildings on pas­
ture during the summer and the buildings are moved to the farmstead 
around a concrete slab for use during the winter months. 
Swine technology three This technology assumes the use of a 
central farrowing house for farrowing. Finishing facilities con­
sist of an open front shed with concrete floor extending in front of 
the building to provide an area for exercise and feeding. The build­
ing and feeding floor are divided into narrow pens with little bed­
ding used except in cold weather. Manure is allowed to accumulate at 
the lower end of the feeding floor before being hauled to the fields. 
Swine technology four This technology includes the use of a 
central farrowing house for farrowing and a totally enclosed environ-
mental-controlled building for finishing the hogs. The finishing 
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building is insulated and ventilated with slotted floors. Manure is 
allowed to accumulate in a manure pit under the floor reducing manure 
hauling to a twice a year job. This is the most capital intensive of 
the swine raising technologies but has the smallest labor requirements 
as well as lower feed requirements because of the type of finishing 
facilities available. 
Ten different swine activities are included for each year in the 
model. The coefficients used for each of these activities can be 
found in Tables 57 and 58 in the Appendix. 
Swine activity one This is a four-litter system using the 
total confinement system of technology as described under technology 
four. Hogs are farrowed during the months of June, August, December 
and February. Sows are kept for two litters with gilts being kept 
from the June and August farrowings and the sows sold in February and 
April after their second litter. 
Swine activity two This is a six-litter system using the 
total confinement finishing system of technology four. Activity two 
requires keeping three groups of sows with farrowings in October, Dec­
ember, February, April, June and August. Hogs are sold in the months 
of April, June, August, October, December and February. Sows are kept 
for two litters. 
Swine activity three Activity three is a four-litter system 
using technology three. It is the same activity as number one except 
for the different technology used. 
Swine activity four This is a winter-summer, two-litter system 
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utilizing technology two. One sow herd is maintained with farrow­
ings in December and June. Sows are kept for two litters with replace­
ment gilts kept from the June farrowing. 
Swine activity five Activity five is a winter-summer, two-lit­
ter system utilizing technology three. Except for the technology used, 
this is the same as activity four. 
Swine activity six This is a spring-fall, two-litter system 
requiring one group of sows and utilizing technology two. Farrowings 
take place in March and September with the sows being kept for two 
litters. Replacement gilts are kept from the September farrowing. 
Swine activity seven This is a spring-fall, two-litter system 
utilizing technology three. Except for the technology used, it is the 
same as swine activity six. 
Swine activity eight Utilizing technology one, this is a one-
litter, all-pasture system with one litter per year being farrowed in 
June. The market hogs are sold in December with replacement gilts 
kept for farrowing the next June. 
Swine activity nine This is a feeder pig feeding activity 
utilizing the open shed finishing facilities of technology three. The 
activity unit is three groups of ten pigs each with groups purchased in 
December, April and August. Market hogs are sold in March, July and 
November. 
Swine activity ten This is the same feeder pig activity as 
number nine except for the use of the confinement finishing facilities 
of technology four. 
81 
Expansion Activities 
It is obvious that a growth model must allow for growth. To do 
this, a model must provide for the possibility of acquiring the addi­
tional productive resources which are needed to expand any or all of 
the production activities. 
A perfectly elastic supply curve is assumed for each resource. 
This would appear to be a realistic assumption for an individual farm 
firm with the possible exception of land. It may not always be possible 
to rent or buy land at a constant price and in the quantity desired 
within a reasonable distance of the present farming operation. How­
ever, for the purposes of this model, it is assumed that sufficient 
land is available to rent or purchase at a price, time, location and 
quantity that satisfies the solutions to the model. 
Land, machinery and labor 
Land renting A land renting activity allows land to be rented 
on a crop-share basis in addition to that land which is rented at the 
beginning of the model. There is no restriction placed on the amount 
of land that can be rented except that a unit of machinery must be pur­
chased for each acre of land rented. The rent terms are assumed to be 
those typical of a crop-share lease in North Central Iowa with the 
expenses for seed, fertilizer, chemicals and corn drying shared equal­
ly and labor and machinery furnished by the tenant. All crops are as­
sumed to be divided equally. Due to the manner in which the cropping 
82 
activities have been defined, some ratio of existing crop stubble 
must be assumed to exist at the time the land is rented. For this 
reason the previous years crop on newly rented land is assumed to have 
been 50% corn, 40% soybeans, and 10% oats. 
Land purchase-mortage A land purchasing activity allows for 
land to be purchased with a mortgage of the type commonly obtained from 
Federal Land Banks and insurance companies. This is a thirty-year 
equal payment mortgage requiring one-third down. The interest rate is 
7% per year. With the purchase price of $500.00 per acre, this mort­
gage requires a down payment of $167.67 per acre with an annual mort­
gage payment of $26.87. The mortgage payment is added to the fixed 
costs in each year following the year of purchase along with an addi­
tional charge of $7.50 per acre to cover the real estate taxes and in­
surance. Interest, taxes and insurance payments are subtracted from 
the accounting rows each year for income tax liability and from the 
net return used to compute marginal consumption. 
Each acre of land purchased requires the purchase of one unit of 
machinery for its operation. Purchased land is 95% tillable with the 
previous crop consisting of 50% corn, 40% soybeans, and 10% oats. The 
capital borrowing restriction is increased by one-half of the equity in 
purchased land. This includes not only the down payment but the bor­
rowing capacity is increased each year by an amount equal to one-half 
of the principal payment to maintain the borrowing limit at one-half 
of the accumulated equity in land. 
Land purchase-contract Land purchase contracts are becoming 
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increasingly common in land sales and a separate land purchasing 
activity allows for land purchase under this type of arrangement. 
The contract terms in this activity include a 15% down payment with 
a twenty-year equal principal payment contract with interest at 6%%. 
The amount of the annual payment along with a charge of $7.50 per 
acre for real estate taxes and insurance is added to the fixed costs 
which must be met in each year following the year of purchase. An 
amount equal to the interest, taxes and insurance is subtracted from 
the income tax liability and the net return used to compute marginal 
consumption for each year following purchase. The increased borrow­
ing capacity is assumed to be $1.00 for each $4.00 equity until 40% 
equity is attained and then $1.00 for each $2.00 additional equity 
after that point. This is consistent with the results of a study by 
Baker (2) in which it was found that land being purchased under con­
tract did not create as much borrowing capacity as land purchased with 
a mortgage. 
Purchase price, machinery requirements and the previous years' 
crop ratio are assumed to be the same as for land purchased with a 
mortgage. 
Machinery purchase A machinery purchasing activity allows for 
the purchase of machinery as required for the operation of additional 
land acquired by renting or purchasing. The required additional invest­
ment in machinery is $65.00 per acre. Depreciation is figured at the 
rate of 12%% per year with an additional 2%% per year for property 
taxes and insurance. This amounts to an annual fixed cost of $9.75 
84 
which is added to the fixed costs in the purchase year and each year 
thereafter. The $9.75 in depreciation, taxes and insurance is sub­
tracted from the income tax liability each year and from the net 
return figure used to compute marginal consumption. 
Labor-seasonal Two seasonal labor hiring activities allow for 
part time labor to be hired during the busy seasons of fall and spring. 
A limit of 250 hours is placed on the amount of part time labor that 
can be hired in each time period each year. This limit was placed on 
the amount of part time labor that can be hired in recognition of the 
rather limited amount of part time labor for hire in any local commu­
nity. Part time labor has a cost of $2.00 per hour. 
Labor-full time A full time labor hiring activity allows labor 
to be hired on a basis which makes it available in all time periods 
within the year. Full time hired labor has the same monthly distri­
bution as operator labor so one hour of full time hired labor is 
distributed as follows: 
September - October - November 0.28 hours 
December - January - February - March 0.29 hours 
April - May - June 0.28 hours 
July - August 0.15 hours 
Total 1.00 
The total cost of full time hired labor is $2.15 per hour com­
puted on the following basis: 
Cash wages at $400.00 per month $4800.00 
Value of house furnished at $50.00 per month $ 600.00 
Extras (social security, utilities, meat, etc.) $ 600.00 
Total $6000.00 
Assuming a full time hired man would contribute 2800 hours of labor 
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per year which Is the same as the farm operator, the cost Is computed 
at $2.15 per hour. 
Livestock expansion facilities 
Swine farrowing facilities An activity in the model allows 
for the purchase of additional farrowing house capacity. This farrow­
ing capacity is in a central building with supplemental heat, ventila­
tion and a partially slatted floor. There are individual waterers on 
each farrowing stall but the sows are fed outside on a concrete slab. 
The cost per stall based on the average cost for a twenty-stall farrow­
ing house and is $500.00 per stall. Depreciation is figured at 4% per 
year plus a 2% charge for taxes and insurance. 
Swine expansion one This expansion activity corresponds to the 
facilities needed for swine technology one. The unit used is the 
equipment necessary to farrow and finish one sow and litter on pasture. 
Equipment needed consists of one "A"-frame farrowing hut, a share of 
a portable hog building, feeder, watering equipment and fencing. In­
vestment in these facilities is $225.00 per sow and litter. Deprecia­
tion is figured at the rate of 10% on all equipment plus a 2% charge 
for taxes and Insurance. 
Swine expansion three This expansion activity corresponds to 
the hog finishing facilities needed for swine technology three. The 
facilities consist of an open-front shed with concrete floor, a con­
crete feeding floor, feeders, waterers and necessary fencing. Aver­
age cost is $30.00 per head capacity. Depreciation is figured at the 
rate of 5% per year plus a 2% charge for taxes and insurance. 
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Swine expansion four Corresponding to the finishing facili­
ties needed under swine technology four, this activity consists of pur­
chasing a total confinement building with slatted floors including the 
necessary feeding and watering equipment plus feed storage. The cost 
per hog capacity is $52.50. Depreciation is figured at the rate of 
4% per year plus a 2% charge for taxes and insurance. 
Beef expansion one This expansion activity provides the beef 
feeding facilities needed under beef technology one. The expansion 
unit is one head of feedlot capacity and the cost is $74.00 per head. 
Facilities required include space in an open front shed, concrete feed­
ing floor, silage storage in a bunker silo, feed bunks, fencing, water­
ing facilities, and feeding and manure handling equipment. The feedlot 
facilities are depreciated at the rate of 5% per year and the feeding 
and manure handling equipment at 10% per year. Â 2% charge on the total 
investment is made for taxes and insurance. 
Beef expansion two This expansion activity allows for the pur­
chase of facilities needed to expand feedlot capacity by one head under 
beef technology two. Facilities needed include shelter space in an 
open front shed, cement feeding floor, silage storage in an upright silo 
with automatic unloader, fencing, waterers and manure handling equip­
ment. Feeding is done automatically with an auger feeding system. 
The cost per head capacity for this expansion activity is to be $137.00. 
Depreciation is 4% on total investment and a 2% charge is made for tax­
es and insurance. 
Beef expansion three The facilities purchased through this 
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expansion activity are those needed for the expansion of feedlot fa­
cilities under beef technology three by one head. Cattle are sheltered 
in a total confinement building with slatted floors and an automatic 
feed distribution system. Silage is stored outside the building in an 
upright silo with automatic unloader. The cost per head capacity for 
a facility of this type is $246.00. Depreciation is figured at the 
rate of 4% and a 2% charge is made for taxes and insurance. 
Financial Activities 
In this model which has land, labor and other physical produc­
tive resources available in unlimited quantities at fixed prices, 
capital becomes the resource which limits the growth of the farm firm. 
This assumes a farm operator with adequate management ability and no 
internal limits on growth. The generation, use and flow of capital be­
tween years takes on special significance in a model of this type. 
Financial activities in this model have been developed to portray as 
accurately as possible the capital restrictions and the capital with­
drawals from the farm business that exist in reality. The inter-year 
and intra-year flow of funds was considered as well as the flow of 
funds from the farm business for such activities as family consumption, 
payment of taxes, and accumulated fixed costs. 
Capital borrowing 
A capital borrowing activity allows the farm operator to expand 
the capital available by borrowing subject to a borrowing restriction. 
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The borrowing restriction is based on the equity in the land being 
purchased and the value of other fixed assets such as buildings and 
machinery. Borrowing capacity is assumed to be one-half the equity 
in land being purchased with a mortgage, one-half the value of fixed 
livestock facilities added, one-fourth of the value of portable hog 
buildings purchased, one-half of the value of machinery owned and one-
fourth of the equity in land being purchased under contract up to an 
equity of $200.00 per acre after which the borrowing capacity is one-
half of the additional equity above $200.00 per acre. The differ­
ence in borrowing ratios on the equity in land being purchased with a 
mortgage and with a land contract is based on a study done by Baker 
(2). This study found that lending agencies extend less credit based 
on equity in land purchased under contract than to a similar amount 
of equity in land being purchased with a mortgage. These results were 
particularly true when there was a small equity in land being pur­
chased under contract. Lending agencies apparently feel that there 
is more danger of default on land being purchased under contract 
with low equity than on land being purchased with a mortgage. 
Interest is assumed to average six per cent per annum on borrowed 
capital. This is somewhat lower than past Interest rates but was se­
lected as the rate of Interest paid on the average dollar borrowed 
since not all borrowing would be for the full year as the structure 
of the model assumes. 
Borrowing on livestock Is limited to one-half of the value of 
the sows and feeder pigs in the swine enterprises but the full 
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purchase price of feeder cattle can be borrowed. 
The initial borrowing capacity is $12,000.00. This figure is 
one-fourth of the $200.00 per acre equity in 160 acres and the 
$16,000.00 equity in machinery. This borrowing ratio is lower than 
that assumed for additional equity in land and machinery but was 
chosen to assure a solid financial base and to allow for a potential 
borrowing reserve. 
"Loan repayment 
An accounting row is included in the model for each time period 
which records the amount of capital borrowed in any time period t. A 
strict equality placed on this row forces all loans to be repaid through 
a loan repayment activity at the beginning of time period t + 1. It is 
possible, however, to refinance the loans in period t + 1 provided 
sufficent borrowing capacity is available. 
Capital transfer 
The model allows for the costless transfer of capital from period 
t to period t + 1. In this manner, unused capital in one time period 
can be transferred to the following time period to be used for loan re­
payment and operating expenses. 
Consumption 
One of the claims against capital generated in the farm business 
is that of family consumption. An elementary consumption function of 
the form C = a + bY is incorporated into this model. Minimum consump­
tion of $4,000.00 is required each year with marginal consumption of 
25% of any additional net return above the $4,000.00. The net return 
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used to calculate marginal consumption each year is defined as gross 
revenue less the annual operating expenses, total interest payments 
and depreciation. 
Fixed costs 
A fixed cost paying activity is used to pay the fixed costs 
which accumulate in a fixed cost accounting row. An equality placed 
on the accounting row forces the payment of the fixed costs each year. 
Fixed costs exist at the beginning of the model in the amount of 
$7,899.20. This was computed as follows; 
In addition to the above, additional fixed costs are incurred 
whenever there is a purchase of land, machinery or livestock facilities. 
Depreciation, taxes, and insurance are added to fixed costs whenever 
machinery or livestock facilities are purchased and real estate taxes, 
principal and interest payments are added to the fixed costs which must 
be met for each year following the year of any land purchase. Payment 
of fixed costs is another annual claim against the capital generated in 
the farm business. 
Income and social security tax payments 
Another claim against the capital generated by the farm business 
which must be met is the payment of income and social security taxes. 
A record of the tax liability is maintained by an accounting row for 
each year in the model. Appropriate adjustments are made in this row 
Real estate taxes and insurance on land 
Taxes and insurance on machinery 
Depreciation on machinery 
Mortgage payments on land being purchased 
Total 
$1,200.00 
$ 400.00 
$2,000.00 
$4.299.20 
$7,899.20 
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for taxable income received as well as for tax deductable operating 
expenses and depreciation. The combined income and social security 
tax rate is assumed to be 25% of the taxable income. This rate was 
chosen as being an appropriate tax rate to use for the range of tax­
able income likely to be generated by the model. Table 2 shows the 
income tax rate and the self-employed social security tax rate in 
effect for 1970. The tax rate for social security will increase to 
7.8% by 1985 under present law. 
Tax deductions of $8,400.00 per year exist at the beginning of 
the model. This includes $3,000.00 in personal exemptions, $4,400,00 
in deductions for taxes, insurance and depreciation on existing 
assets and a $1,000.00 tax deduction for medical expenses, contribu­
tions, etc. The annual interest payments on the farm mortgage exist­
ing at the beginning of the model are also subtracted from the tax 
liability in the appropriate amount for each year.^  
Prices 
The prices used in this study are summarized in Table 3. Prices 
for commodities produced are average prices for the ten years from 
1960-1969 inclusive with some subjective weights placed on prices in 
the more recent years. Hog prices were computed on a monthly basis 
F^or a procedure to incorporate a progressive income tax rate 
into a programming model, see Vandeputte, J. M. and Baker, C. B. 
(47, pp. 521-527). 
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Table 2. Income and social security tax rates 
Taxable income Income 
tax rate 
Social security 
tax rate 
Combined 
rate 
$0 - 1,000 14% 6.9% 20.9% 
1,000 - 2,000 15% 6.9% 21.9% 
2,000 - 3,000 16% 6.9% 22.9% 
3,000 - 4,000 17% 6.9% 23.9% 
4,000 - 8,000 19% 6.9% 25.9% 
8,000 - 12,000 22% -  — -  —  22.0% 
12,000 - 16,000 25% —  - -  —  25.0% 
16,000 - 20,000 28% 28.0% 
20,000 - 24,000 32% 32.0% 
24,000 - 28,000 36% 36.0% 
28,000 - 32,000 39% - - - - 39.0% 
32.000 - 36,000 42% —  —  — —  42.0% 
36,000 - 40,000 45% —  — -  —  45.0% 
because of the wide variation in selling dates for the various hog 
enterprises and the differences found in monthly prices. 
The input prices for feeder cattle and corn purchased were computed 
on the same basis as commodity prices. Seed, fertilizer and chemical 
prices are typical of those paid by farmers during the past several 
years. While the method used to obtain prices for output commodities 
and inputs differ, it was felt the prices obtained by the two methods 
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Table 3. Summary of prices used 
Item Unit Price 
Outputs: 
Corn 
Soybeans 
Oats 
Oat Straw 
Gd.-Ch. Steers 
Gd.-Ch. Heifers 
bu. 
bu. 
bu. 
T. 
cwt. 
cwt. 
$ 1.05 
$ 2.35 
$ .65 
$18.00 
$26.00 
$25.00 
Hogs: 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
Barrows & Gilts 
cwt. $18.00 
cwt. $17.50 
cwt. $17.25 
cwt. 
cwt. $19.25 
cwt. $19.80 
cwt. $19.45 
cwt. $18.50 
cwt. $17.65 
cwt. $17.15 
cwt. $17.80 
Sows 
$15.20 
$14.90 
$15.20 
$16.45 
$14.45 
Inputs: 
Gd.-Ch. Steer Calves 
Gd.-Ch. Heifer Calves 
Gd.-Ch. Yrlg. Steers 
Corn Purchased 
Seed-corn 
-soybeans 
-oats 
-grass seed 
Fertilizer: 
-nitrogen 
-phosphate 
-potash 
cwt. 
cwt. 
cwt. 
bu. 
bu. 
bu. 
bu. 
lb. 
lb. 
lb. 
lb. 
$30.00 
$28.00 
$27.00 
$ 1.10 
$20.00 
$ 3.00 
$ 1.00 
$ .45 
$ .04% 
$ .07 
$ .04 
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Table 3 (Continued) 
Item Unit Price 
Chemicals : 
-corn herbicide lb. $ 2.10 
-soybean herbicide lb. $ 6.00 
-rootworm insecticide lb. $ .36 
-aldrin lb. $ .25 
provide the best price relationship that could be anticipated for the 
future. Because of the nature of the dynamic linear programming model 
used, changes in the absolute price levels will not effect the solu­
tions obtained for the various models as long as the relative prices 
remain as used in this model. However, the profitability of the 
model, the amount of capital generated and the value of the objective 
function will be changed. 
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RESULTS AND ANALYSIS 
This chapter presents the solution obtained to a base model and 
then compares this solution with the solutions obtained for a number of 
other models. Each of the other models differ from the base model 
either in one or more of the restrictions, prices or type of objective 
function used. The effects of these changes on the growth rate and 
growth path of the farm firm is noted by comparing the appropriate 
solution with the solution obtained for the base model. 
Model I - Base Model 
The objective function used for the base model is maximization 
of discounted net returns. All net returns (or net costs) are discount­
ed using a discount rate of 6%. The objective function value obtained 
for Model I was $215,777.00 which represents the total discounted net 
returns for the entire eight years included in the model. Deprecia­
tion, taxes and insurance on all physical assets acquired in the solu­
tion to the model have already been subtracted from the objective func­
tion value by the model internally but depreciation on the original 
physical assets has not. In addition to this depreciation, family con­
sumption and tax payments would have to be subtracted before arriving 
at the discounted amount of capital available for growth. 
A cursory examination of the results of the model shows that growth 
does occur. The number of litters farrowed per year increases steadily 
over the period being examined as does the number of acres farmed. 
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Net income and therefore consumption tends to increase over time. The 
expansion in resources used for the increase in production activities 
comes primarily from the purchase of hog production facilities, the 
renting of land and the purchase of the machinery necessary to farm 
the additional rented land. The following sections give a more detailed 
description of the various activities in the solution to the model. 
Crop activities 
The crop activities specified do not require the cropping pattern 
to fit into a particular rotation or any particular combination of 
rotations but gives the model complete freedom to develop a cropping 
sequence over the entire eight-year period. As shown in Table 4, the 
optimum solution to the model calls for what comes close to being a 
corn-soybean rotation on both the owned and rented land. 
On the owned land, corn after soybeans and soybeans after corn are 
the two principal crop activities. In the first year, 9.7 acres of 
corn is raised after oats and 13.7 acres of corn is raised after one 
year of hay because the amount of oat stubble and first year hay land 
specified at the beginning of the model is higher than that necessary 
to supply first year hay and second hay in the second year of the model. 
Neither of these two crop activities is used again in any year after the 
first. From the second through the eighth year all corn is raised fol­
lowing soybeans and following two years of hay with the exception of 
the eighth year when there is some second-year corn. 
Oats on the owned land is raised only to the extent that it is 
necessary to serve as a nurse crop to establish a new seeding for hay 
Tabic 4. Summary of crop activities - Model 
Owned land 
Corn 
Year after 
corn 
Corn 
after 
soy­
beans 
Corn Corn 
after after 
oats hay 1 
Corn 
after 
hay 2 
Soy­
beans 
after 
corn 
Oats 
after 
soy­
beans 
1st 
year 
hay 
2nd 
year 
hay 
1 45.6 9.7 13.7 _* 76.0 5.5 1.5 
2 69.6 1.5 69.0 6.4 _* 5.5 
3 68.1 5.5 71.1 0.9 6.4 _* 
4 63.3 _* 73.5 7.8 0.9 6.4 
5 71.9 6.4 63.3 1.7 7.8 0.9 
6 53.6 0.9 78.3 9.7 1.7 7.8 
7 76.6 7.8 54.6 1.7 9.7 1.7 
8 60.3 54.6 1.7 24.1 1.7 9.7 
A^ctivities not listed do not appear in the solution. 
*These activities appear in the solution basis but have a zero 
activity level. 
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Rented Land 
Soy- Soy-
Corn Corn Corn beans beans Oats Oats 
after after after after after after after 
corn soy- oats corn oats corn soy-
beans beans 
14.4 170.7 44.1 148.1 49.3 
121.2 51.9 241.1 36.6 
216.6 194.0 41.1 41.4 
215.5 49.2 253.1 49.0 
209.6 281.6 52.6 57.2 
313.8 69.1 265.5 65.6 
198.9 44.8 407.7 26.1 86.7 
513.9 107.8 342.8 
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and pasture. Owned land is used for hay and pasture only as it is 
necessary for sow pasture as required by the swine activities. Once 
a new seeding is established it is used for the maximum of two years 
allowed in the model. There are two reasons for using the forage for 
hog pasture through two years; 1) this procedure keeps the acreage of 
the relatively unprofitable oats needed as a nurse crop to the minimum 
allowable and, 2) the model specifies a two bushel per acre yield in­
crease for corn raised after two years of hay when compared to corn 
raised after one year of hay. 
The cropping pattern established on the rented land by the opti­
mum solution to the model is again principally a corn-soybean rotation 
with corn after soybeans and soybeans after corn the two principal crop 
activities. Between 9% and 11% of the total rented land is planted to 
oats each year requiring that either or both corn after oats or soybeans 
after oats show up as a crop activity in the following year. These two 
activities would be in the optimum solution in lesser amounts without 
oats being raised the preceding year because of the assumption of 10% 
of the newly rented land being in oats in the year preceding the rental. 
There are two features of the cropping program specified in the 
optimum solution to the model which are different from the usual or 
typical cropping patterns found on farms in North Central Iowa. The 
first is the lack of any continuous corn or second-year corn except 
in the first and last years of the model and the second is the rather 
consistent use of approximately 10% of the rented land for oats as a 
grain crop. A reason for both of these differences can be found in 
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the labor restrictions for the spring and fall periods and the labor 
requirements for corn and oats in these periods. The model assumes 
that for corn following any other crop except corn the plowing is 
done in the fall preceding the corn planting. Fall plowing for a 
corn crop to be planted the following spring is a desirable practice. 
Because of the lateness of the corn harvest it is assumed that plow­
ing for corn following a preceding crop of corn can be only one-half 
completed in the fall and the remaining one-half must be plowed 
the following spring. These assumptions cause the spring labor re­
quirement for corn following corn to be higher than for any other crop. 
While both fall and spring labor are restrictive in the model, spring 
labor is relatively more restrictive resulting in an advantage for 
those crops with a relatively higher fall labor requirement than corn 
after corn. Corn also has a higher total labor requirement than soy­
beans which would give soybeans a relative advantage in cases where 
total labor is restrictive. 
Labor requirements also explain the inclusion of some oats in the 
cropping pattern on rented land. Oats have a low labor requirement for 
spring tillage and planting operations relative to corn and soybeans 
and no labor requirement for the fall time period. Oat harvest and 
straw baling have labor requirements in the July-August time period 
when the corn and soybean crops have a very low labor requirement. 
Therefore, oats do not compete with corn and soybeans for fall labor 
and provide relatively little competition for spring labor. Because 
part-time labor in the fall and spring is restricted and land renting 
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is assumed to be unrestricted, oats on rented land appears in the opti­
mum solution. 
The reduced costs which can be found in the solution to the model 
are an indication of the relative unprofitability of the crop activities 
not included in the optimum solution. Values given as reduced costs 
are the amounts the objective function, in this case discounted net 
returns, would be reduced by forcing one unit of the crop activity 
into the final solution. For corn after corn on owned land, the re­
duced costs range from 80<? per acre in year one up to $6.71 per acre 
in year three. Corn after oats has reduced costs of from $7.74 per 
acre in year two up to a maximum of $19.86 per acre in year three and 
corn after one year of hay has reduced costs ranging from $2.18 per 
acre in year one up to a maximum of $14.07 per acre in year four. 
Soybean activities not in the solution tend to have higher reduced 
costs than corn activities not in the final solution even when they are 
following the same previous crop. This is partly explained by an assumed 
small yield increase for corn after oats and hay as compared to corn 
after corn while the soybean yield is assumed to be constant regardless 
of the preceding crop. On owned land for soybeans following oats, the 
reduced costs range from a low of $12.22 per acre in year one to a high 
of $23.44 per acre in year three. For soybeans following one year of 
hay the reduced costs range from $9.44 per acre in year seven to a high 
of $24.71 per acre in year four and for soybeans following two years of 
hay the reduced costs range from a low of $9.23 per acre in year seven 
to a high of $26.92 per acre in year one. The reduced costs for oats 
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following corn are rather small in most of the years ranging from 
$1.40 per acre in year seven to $3.26 per acre in year three the excep­
tions being year eight when the reduced cost is $5.68 per acre and in 
year one when the reduced cost is $14.05 per acre. 
The reduced costs for crop activities on rented land that are 
not in the final solution tend to be much smaller than those for com­
parable crop activities on owned land. Part of this reduction is ex­
plained by the tenant receiving only one-half of the crop but it also 
indicates the crop mix on rented land is less critical than the crop 
mix on owned land and that the cropping pattern on rented land could 
be changed substantially without incurring a large reduction in net 
returns. The reduced costs for corn after corn on rented land ranges 
from a low of 19<? per acre in year eight to a high of $5.26 per acre in 
year three and for corn after oats the reduced costs are 28f per acre 
and 48«? per acre for the two years this activity is not in the solution. 
Soybeans following oats has reduced costs ranging from 940 per acre to 
$6.36 per acre for the five years this activity is not in the solution. 
For oats, the reduced costs range from 45<? per acre up to a high of 
$3.50 per acre for this crop following corn and for oats following 
soybeans the reduced costs are 790 per acre and $2.44 per acre for the 
two years this activity is not in the solution. 
The summary of crop activities presented in Table 5 shows a rath­
er marked shift to corn production in the eighth or last year of the 
model. Years five, six and seven show an alternating emphasis on 
corn production one year and soybean production the next. This change 
Table 5. Analysis of crop activities - Model I 
Corn beans Oats Forage Corn beans Oats 
Year (acres) (acres) (acres) (acres) (acres) (acres) (acres) 
1 69.0 76.0 — 7.0 229.2 148.1 49.3 
2 71.1 69.0 6.4 5.5 173.1 241.1 36.6 
3 73.6 71.1 0.9 6.4 216.6 235.0 41.4 
4 63.6 73.5 7.8 7.3 264.6 253.1 49.0 
5 78.3 63.3 1.7 8.8 209.6 334.2 57.2 
6 54.6 78.3 9.7 9.5 382.9 265.5 65.6 
7 84.4 54.6 1.7 11.4 243.7 433.8 86.7 
8 116.5 24.1 — 11.4 621.7 342.8 
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Total Total % of total % of total 
corn soybeans cropland in cropland in 
(acres) (acres) corn soybeans 
298.2 224.1 51.% 38.7% , 
244.2 310.1 40.5% 51.4% 
290.2 306.1 45.0% 47.5% 
328.2 326.6 45.7% 45.4% 
287.9 397.5 38.2% 52.8% 
437.5 343.8 50.5% 39.7% 
328.1 488,4 35.8% 53.3% 
738.2 366.9 66.1% 32.9% 
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from a nearly equal emphasis on corn and soybean production in years 
two and three could be caused in part by the need to set up the de­
sired crop stubble in year seven to allow the increased emphasis on 
corn production in year eight without going to a large amount of 
second-year corn. 
Some type of end bias or "tail-end" problems can be expected in a 
model of this type which has a finite planning horizon. The farm plans 
developed for the last year or two are formulated on the basis that the 
last year in the planning period will be the last year in the life of 
the farm firm. The model assumes that it need not and in fact it can­
not make farm plans for the last year while considering their effect on 
any future years. The structure of the model used here contributes 
towards the bias for corn production in the last year. Corn harvest 
requires more fall labor than soybean harvest and therefore competes 
heavily for the limited fall labor. 
Because of the annual time period defined in this model, corn in 
the eighth and last year is planted and grows to maturity during this 
year but must be harvested at the beginning of the ninth year. Pro­
visions are included in the model for harvesting corn and soybeans at 
the beginning of the ninth year in recognition of the fact that the 
failure to provide for these harvesting activities would result in 
serious bias in the cropping program for the eighth year. However, 
harvesting activities at the beginning of the ninth year do not have 
any effective labor restrictions. If corn is relatively more profit­
able than soybeans, disregarding the fall labor requirements, an 
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increase in corn production in the final year of the model can be ex­
pected. Because of the year-to-year interrelationships in the crop 
activities, the emphasis on corn production in the last year can be 
expected have some effects on the crop mix in one or more of the 
preceding years and is at least partially responsible for the alter­
nating emphasis on corn and soybean production in years four to seven. 
Sufficient corn is raised in all years so that no corn needs to 
be purchased to meet the feed requirements for livestock raised. Corn 
production in the seventh year was just equal to the livestock feed 
requirements in the eighth year. In all other years from one through 
seven there is an excess of corn production over livestock feed re­
quirements and some corn is sold. This excess ranges from a low of 
1,073 bushels sold in year six to a high of 8,956 bushels sold in 
year two. 
Livestock activities 
As shown in Table 6, the livestock activities entering the solu­
tion to this model are concentrated heavily in swine farrowing and rais­
ing. Except for the first year, only swine activities enter the solu-
*' tion. During the first year of the model livestock activities are 
restricted by the livestock facilities which are assumed to exist on 
the farm at the beginning of year one. The structure of the model dic­
tates that investment in additional livestock facilities in year one 
does not make these facilities available for use until the following 
year. Because of this, the swine activities in year one differ from 
those which are utilized in the following years after swine facilities 
Table 6. Summary of livestock activities - Model 
Total 
Swine (litters) swine Beef (head) 
Year 
Activ­
ity 
1 
Activ­
ity 
3 
Activ­
ity 
4 
Activ­
ity 
5 
Activ- Activ­
ity ity 
6 7 
litters Activ­
ity 
1 
Activ­
ity 
7 
Activ­
ity 
11 
1 _* 40.0 10.0 10.0 60.0 45.2 _* jk 
2 69.6 40.0 _* 109.6 * 
3 87.9 40,0 * 127.9 * 
4 106.6 40.0 _* 146.6 * 
5 135.1 40.0 * 175.1 * 
6 150.2 40.0 _* 190.2 * 
7 187.0 40.0 _* 227.0 * 
8 187.0 40.0 _* 227.0 Jk 
A^ctivities not listed do 
*These activities appear 
not appear in the solution 
in the solution basis at a i zero level. 
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have been added. 
In year one, forty litters are raised in swine activity three. 
This is a four-litter system with farrowing taking place in the cen­
tral farrowing house and the hogs raised in the open front shed with 
concrete feeding floor described under swine technology three. These 
forty litters completely utilize the capacity of the raising and fat­
tening facilities assumed to exist on the farm. Another ten litters 
are raised under swine activity four which is a two-litter system 
with farrowing in the winter and summer utilizing portable buildings on 
pasture for both farrowing and raising. As a complement to this activ­
ity another ten litters are raised utilizing swine activity six which 
is a two-litter system with spring and fall farrowing with the farrow­
ing and raising taking place in portable buildings which exist in year 
one. There is a total of sixty litters farrowed in year one for a 
total production of 450 market hogs. 
The relatively high labor requirements of the pasture farrowing 
and raising system used in activity four and activity six cause them 
to leave the solution in years two through eight and the portable 
buildings used for these activities remain unused in every year after 
year one. During year one, the farrowing capacity is expanded and 
purchase of confinement hog raising facilities described in swine 
technology four is begun. The annual production of forty litters 
under swine activity three is continued and an additional 69.6 lit­
ters are farrowed utilizing swine activity one. These litters are 
farrowed in the central farrowing house and the raising and fattening 
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phase of the production takes place in the total confinement facil­
ity. Swine activity one is a four-litter per year system and uses 
a low labor, high capital technology. 
After year two, the growth in the swine activities takes place 
entirely through expansion in the number of litters farrowed under swine 
activity one while maintaining a constant forty litters per year from 
swine activity number three. In years seven and eight, 187 litters 
are farrowed under activity one plus the forty litters under activ­
ity three for a total of 227 litters per year. This is a total 
production of just over 1700 head of market hogs per year. 
The reduced costs for the swine activities indicate that swine 
activity two would cause the least reduction in net return if it was 
forced into the optimum solution. This is the same swine raising activ­
ity as number one which is included in the solution except it is a six-
litter rather than a four-litter system. Because of the timing of the 
farrowings under the six-litter system, swine activity two has a high­
er per litter labor requirement during the fall and spring labor 
periods when the crop activities are competing heavily for the 
available labor. This competition for labor during the fall and spring 
forced the model to choose activity one over activity two as the pro­
duction system to be used to raise hogs utilizing swine technology 
four. The reduced costs on swine activity two range from $5.76 per year 
to $14.65 per year. 
The reduced costs on the remaining swine farrowing and raising 
activities show no consistent relative advantage or disadvantage for 
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any of these activities. Reduced costs range from a low of $17.59 
per year for swine activity five in year eight to $81.99 per year 
for swine activity six in year two. Activities nine and ten allow 
for the feeding of feeder pigs in an open front shed and in total 
confinement, respectively. The reduced costs on these two activi­
ties range from a low of $29.73 per year for activity nine in year 
eight up to $96.06 per year for activity ten in year two. This 
would indicate that feeding feeder pigs does not compete favorably 
with farrowing and feeding provided the farrowing facilities are 
available or can be constructed. 
The only cattle feeding activity to enter the solution is beef 
activity one in year one. A total of 45.2 head of steer calves is fed 
utilizing beef technology one which uses the open front shed for shel­
ter, a concrete slab with fence line feed bunks and a tractor-pulled 
auger wagon for feeding. A feedlot with a hundred head capacity under 
beef technology one is assumed to exist at the beginning of the model 
but it is used to less than 50% of capacity in the first year and 
remains idle in all following years. It must be concluded that with 
the price relationships assumed in this model, cattle feeding does not 
compete favorably with swine farrowing and raising as an enterprise 
which contributes to rapid farm growth. The cattle feeding activities 
have a relatively large capital requirement per dollar of net return 
generated when compared with the swine activities. With capital being 
the ultimate limiting factor to growth in this model and the objective 
function being the maximization of net returns, swine activities can be 
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expected to enter the solution before cattle feeding. 
The reduced costs for cattle feeding activities show a consist­
ent advantage for feeding steer calves over other cattle feeding 
programs regardless of the technology used. After the first year, 
beef activity one which is feeding steer calves under technology one 
has reduced costs ranging from $6.04 per head per year up to $12.27 
per head per year. Beef activity four which is feeding steer calves 
under technology two has reduced costs ranging from a low of $1.72 
per head per year to a high of $3.94 per head per year and beef activ­
ity number eight which is feeding steer calves under technology three 
has reduced costs ranging from $1.49 per head per year to $12.77 per 
head per year. Feeding heifer calves and yearling steers regardless 
of the technology used or the year always have reduced costs higher 
than feeding steer calves and these costs range mostly between $10.00 
and $25.00 per head per year. Yearling steers always have a relative 
advantage over feeding heifer calves regardless of the year or tech­
nology used. 
Beef activity seven consists of feeding two groups of heavy year­
ling steers per year under technology two and has reduced costs indi­
cating that, next to feeding steer calves, it would be the most profit­
able cattle feeding activity which utilizes technology two. The re­
duced costs for activity seven fall between $3.47 per head per year and 
$8.23 per head per year and in all years are slightly higher than the 
reduced costs for feeding steer calves but are lower than the reduced 
costs for feeding heifer calves. 
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Beef feeding activity eleven, feeding two groups of heavy year­
ling steers per year using the total confinement system of technology 
three, appears in the solution at the zero level for each of the 
eight years. Because this vector appears in the basis, the solution 
does not show reduced costs for this activity. 
Labor activities 
The labor restrictions and requirements in this model are divided 
into four time periods. A fall time period is defined as September, 
October and November, a winter period as December, January, February 
and March, a spring period as April, May and June and a summer period 
of July and August. Labor hiring activities allow for the hiring of 
full-time labor equivalent with the hours hired under this activity 
divided between the four time periods in the same ratio as the opera­
tor labor. No limit is placed on hiring full-time labor in this model. 
Part-time labor can be hired up to a maximum of 250 hours each in the 
fall and spring time periods. 
As shown in Table 7, full-time equivalent labor is hired in year 
one in the amount of 396.4 hours. This amount increases each year 
thereafter up to 3,629.7 hours of full-time labor equivalent hired 
in year eight. One full-time man is assumed to supply 2800 hours of 
labor per year. On this basis, just over one full-time man equiva­
lent is hired in year seven and the equivalent of 1.3 full-time men is 
hired in year eight. 
With the exception of the fall time period in year one, the maximum 
allowable part-time labor in each of the fall and spring time periods 
Table 7. Summary of labor activities - Model I 
Labor hired (hrs.) Labor in disposal (hrs.) 
Full Part Part Period Period Period Period 
Year time time time 12 3 4 
(fall) (spring) (fall) (winter) (spring) (summer) 
1 396.4 250.0 785.3 - -
2 581.5 250.0 250.0 309.4 --
3 814.7 250.0 250.0 306.1 — 
4 1,289.6 250.0 250.0 371.6 -— 
5 1,727.9 250.0 250.0 388.3 — 
6 2,158.3 250.0 250.0 454.7 — 
7 2,905.2 250.0 250.0 528.9 — 
8 3.629.7 250.0 250.0 739.0 259 
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Shadow prices 
Period Period Period Period Fall Spring 
12 3 4 hiring hiring 
(fall) (winter) (spring) (summer) limit limit 
$1.27 — $13.19 $1.11 — $9.27 
$6.64 — $ 7.20 $ .34 $2.99 $3.55 
$5.83 — $ 5.86 $1.16 $2.62 $2.65 
$5.38 — $ 5.17 $ .44 $2.57 $2.37 
$4.52 — $ 4.31 $1.05 $2.08 $1.86 
$3.99 — $ 4.12 $ .15 $1.86 $2.00 
$2.90 — $ 3.69 $ .91 $1.06 $1.85 
$2.89 — $ 3.20 $1.31 $1.61 
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is hired in each of the years. The crop activities have a hijjh demand 
for labor in the fall and spring and the restriction on hiring labor 
in these time periods is quickly reached because of the labor needed 
for crop activities. Once the limit for hiring part-time labor is 
reached, additional labor in the fall and spring time periods can only 
be obtained through the hiring of full-time labor. 
The second group of columns in Table 7 shows the hours of labor 
which remain unused in each of the time periods for each year. Some 
labor remains unused during the winter period in each of the eight 
years while the total labor available during the fall and spring periods 
is completely used in each year. Labor available during the summer 
time period of July and August is completely utilized in every year 
except the eighth. In the discussion on the crop activities, it was 
mentioned that oats enter the crop mix on rented land because they 
utilize a relatively large amount of July-August labor. Some of this 
labor would otherwise be idle making oats a competitive crop. The 
effect of raising oats can be seen by the complete utilization of summer 
labor during years one to seven with 259.9 hours of summer labor in dis­
posal during year eight which is the only year no oats are produced on 
rented land. 
The shadow prices on the labor time period^  and the fall and spring 
hiring limit is shown in the last part of Table 7. Shadow prices for 
the four labor periods indicate the reduction in the value of the ob­
jective function which would occur if the labor restriction was reduced 
by one hour for that particular time period and year or the value of an 
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additional hour of operator labor in a particular time period and 
year. The figures indicate that spring labor is slightly more restric­
tive than fall labor in all years except four and five. Winter labor 
is not restrictive as was seen previously by the amount of winter labor 
left in disposal and summer labor is somewhat restrictive in all years 
except the eighth. 
The shadow prices on the hiring restrictions for part-time labor 
again shows spring labor to be more restrictive than fall labor in all 
years except four and five. 
The trend for the shadow prices on the labor hiring restrictions 
is from higher to lower values over time. Two factors contribute to 
this trend. First, because of the discount factor on the net returns 
in the objective function, an hour of labor in the later time periods 
contributes less to the value of the objective function than does an 
hour of labor in the earlier years. Second, part of the income gener­
ated by additional labor in the early years would be available for in­
vestment purposes in an expansion activity which would contribute to 
growth and an increased net income in the later years of the model 
making additional labor more valuable in the earlier years. 
Expansion activities 
Expansion activities will be defined for the discussion in this 
section as those activities which cause an increase in the physical re­
sources owned or controlled by the farm operator. This includes land 
renting, land purchase, the purchase of the machinery necessary to farm 
additional acres, the construction of physical facilities to increase 
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Table 8. Summary of expansion activities - Model I* 
Year 
Land 
rental 
(acres) 
Machinery 
purchase 
(acre units) 
Swine 
farrowing 
capacity 
(stalls) 
Swine 
technology 
four 
1 289.1 289.1 12.4 174.0 
2 25.5 25.5 4.6 45.8 
3 44.5 44.5 4.7 46.7 
4 77.5 77.5 7.1 71.3 
5 36.1 36.1 3.8 37.8 
6 118.9 118.9 9.2 92.0 
7 52.9 52.9 -- --
8 210.8 210.8 
Totals 855.3 855.3 41.8 467.6 
A^ctivities not listed do not appear in the solution. 
the swine raising capacity and the construction of physical facilities 
to allow for the expansion of beef feeding activities. 
Table 8 indicates that land renting and the purchase of additional 
units of machinery to farm these additional acres are the only two ex­
pansion activities which occur in all eight years of the model. A 
total of 855.3 acres of land is rented during the eight years of the 
model which, when combined with the 160 acres of rented land assumed 
to be available at the beginning of the model, makes a total of 1,015.3 
acres of rented land under the control of the farm operator at the 
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end of the eighth year. Another 160 acres of land is being purchased 
by the operator at the beginning of the model which makes a total of 
1,175.3 acres of land being farmed. 
One unit of machinery must be purchased for each additional acre 
of land rented or purchased and 855.3 units are purchased during the 
eight years. This is an investment in machinery of $55,594.50 which 
is in addition to the machinery owned at the beginning of the model. 
The reduced costs on the land purchase activities show a substan­
tial reduction in the objective function would result from the pur­
chase of land. This is particularly true in the early years of the 
model when the relatively large amounts of capital needed to purchase 
land and to meet the yearly mortgage or contract payments in subsequent 
years would make this capital unavailable for operating purposes or 
other expansion activities which allow an increase in production activi­
ties with a larger net return per dollar invested over time. For land 
purchased with a thirty-year mortgage, the reduced cost is at a maxi­
mum of $117.02 in year one and steadily declines to a low of $11.41 
in year seven. Purchasing land under a land purchase contract re­
quires a smaller down payment than with a mortgage and this smaller 
capital requirement is reflected in lower reduced costs for each year 
than for land purchased with a mortgage. The reduced costs for land 
purchased with a contract ranges from $105.36 per acre in year one 
down to $7.81 per acre in year seven. 
Even though the shadow price on the owned land restriction in 
year one is as high as $554.54 per acre, the relatively high capital 
119 
requirement of purchasing land prevents these activities from enter­
ing the optimal solution when the objective function is the maximi­
zation of discounted net returns over time. The highest shadow price 
on the rented land restriction in year one is $176.51 per acre which 
is much lower than for an acre of owned land but expansion through 
land renting does not require any capital investment except that 
needed to increase the machinery capacity and this would also be need­
ed to expand by purchasing an acre of land. 
Swine farrowing capacity is increased in each of the first six 
years of the model with a total of 41.8 farrowing stalls added to the 
fifteen assumed to exist at the beginning of the model making a total 
farrowing house capacity of 56.8 sows at one time. This increase of 
41.8 stalls requires an investment of $20,900.00 over the six year 
period. Swine raising and fattening facilities are expanded entirely 
by building construction in the total confinement system defined under 
swine technology four. The equivalent of a total confinement building 
with a capacity of 467.6 market hogs is constructed during the first 
six years of the model. This represents an additional investment of 
$24,549.00 in swine facilities. 
The reduced costs on the other swine expansion activities indicate 
a distinct advantage for raising and fattening hogs in the total con­
finement system of swine technology four. Reduced costs per head capac­
ity for raising and fattening hogs in portable buildings on pasture 
under swine technology two range from a high of $55.29 in year one down 
to $4.88 in year seven. For swine technology three, which is raising 
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and fattening hogs in an open front shed with a concrete slab feeding 
floor, the reduced costs per head capacity is $29.04 in year one down 
to $2.71 in year seven. The reduced costs per litter for the physical 
facilities needed to farrow and finish one litter on pasture under 
swine technology one ranges from $474.05 to $41.84 from year one to 
seven respectively. 
None of the activities which allow for the expansion of cattle 
feeding capacity enter the solution to the model. Reduced costs per 
head capacity for expanding cattle feeding facilities under beef tech­
nology one range from $112.24 in year one to $9.83 in year seven, for 
beef technology two from $195.61 to $17.11 and for beef technology 
three from $207.97 to $21.91 in years one and seven respectfully. 
These reduced costs indicate a consistent reduction in the objective 
function for increasing the cattle feeding capacity under either of 
the three technologies so long as land is available to rent and/or it 
is possible to expand the physical facilities needed to increase hog 
production under swine technology four. 
Financial activities 
Model I places no explicit limit on the growth rate except that 
dictated by the amount of capital assumed to be available at the begin­
ning of the model and the resulting rate at which capital can be gener­
ated for investment purposes within the model itself. For these rea­
sons, the financial activities that are concerned with capital use, 
capital borrowing and the necessary withdrawals of capital from the in­
come stream for other than investment purposes are of particular 
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significance. Table 9 is a summary of the financial activities for 
Model I. 
The capital borrowed in any year is the total amount borrowed 
for all purposes other than the purchase of land. Capital borrow­
ing increases from $28,242.69 in year one up to $65,342.61 in year 
eight or an increase of 131% from year one to year eight. The aver­
age annual increase in capital borrowing is 12.7% ranging from a low 
of 10.7% in year two to a high of 14.6% in year four. 
Capital is borrowed in the maximum amount allowable by the model 
in each of the eight years. There is no unused borrowing capacity any 
year in the model and the shadow prices on the borrowing restriction 
indicate that additional borrowed capital could profitably be used in 
each year. The shadow prices on a dollar of borrowing capacity range 
from 20.2$ in year two down to 8.8o in year eight and these are dis­
counted values. These shadow prices can be interpreted as the addition 
to the objective function value over and above the cost of capital. 
The second column of Table 9 indicates the amount of capital 
which must be withdrawn from the income stream each year to meet the 
accumulated fixed costs. These are items such as mortgage payments on 
the land being purchased, taxes and insurance on land, buildings and 
machinery and a depreciation allowance on machinery and buildings. In­
terest on the capital borrowed as shown in column one is not included 
in fixed costs. Fixed costs increase as additional physical assets are 
purchased to add to the production capacity of the farm firm. The 
amount of capital which must be withdrawn from net income each year in 
Table 9. Summary of financial activities - Model I 
Year Capital Fixed Taxes Family Capital transfer 
borrowed costs paid paid consumption to next year 
1 $28,242.69 $10,717.74 $ 495.98 $ 4,495.98 
2 $31,260.86 $11,886.25 $3,881.60 $ 7,881.60 $ 4,324.60 
3 $35,281.39 $12,601.45 $3,925.15 $ 7,925.15 $ 8,411.95 
4 $40,426.01 $13,644.31 $4,407.18 $ 8,407.18 $ 9,913.46 
5 $45,610.51 $14,434.82 $5,137.98 $ 9,137.98 $19,048.57 
6 $51,597.77 $15,826.03 $4,933.27 $ 8,933.27 $17,639.48 
7 $58,490.33 $16,907.36 $6,375.33 $10,375.33 $33,736,05 
8 $65,342.61 $18,963.04 $3,591.41 $ 7,591.41 $ 9,290.10 
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order to meet fixed costs increases from $10,717.74 in year one up to 
$18,963.04 in year eight. 
Another item which requires the use of capital each year and there­
fore causes a reduction in the amount available for additional invest­
ment is income and social security tax payments. The model assumes 
these taxes to be 23% of taxable income and the capital withdrawals 
necessary to pay these taxes are shown in column three of Table 9. 
Only $495.98 in income tax and social security payments must be made 
in year one with the largest payment being $6,375.33 in year seven. 
The decrease in taxes paid from the previous year in years six 
and eight is a result of the relatively heavy investment in machinery 
needed to farm the additional land rented in each of these years. De­
preciation and taxes on the machinery results in a reduction in the tax­
able income in the year of purchase but the additional crop produced 
by the increase in rented land and machinery is not sold until the 
following year. This delay in receiving crop income causes the fluc­
tuation in taxable income and is accentuated because crop operating 
costs are also incurred the year before crop income is received. 
Capital needed for consumption purposes by the farm family is an­
other drain on the capital which could be used for investment purposes. 
The model assumes an annual fixed required consumption of $4,000.00 
plus marginal consumption of 25% of net returns above $4,000.00. 
Total family consumption for each year is shown in column four of 
Table 9. Family consumption utilizes $4,495.98 of capital in year one 
with the largest amount of consumption being $10,375.33 in year seven. 
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The decline in consumption in years six and eight over the preceding 
years is caused by the same relatively large increase in machinery 
investment in those years as discussed in the previous paragraph. 
Net return for marginal consumption purposes is defined with deprecia­
tion subtracted from it as is taxable income. 
The model allows for the transfer of capital from one year to the 
next whenever this is needed to meet the capital requirements in the 
following year. No capital is transferred from year one to year two 
but each year thereafter some capital is transferred to the following 
year. The amounts range from $4,324.60 transferred from year two to 
year three up to $33,736.05 transferred from year seven to year eight. 
The model provides for any capital not needed for investment or 
production purposes to be invested in a savings account with an annual 
return of 4%. Capital placed in savings is assumed to go into this 
account at the beginning of any year and then to be available with in­
terest at the beginning of the following year. This activity does not 
enter the solution for any year which indicates there is always an in­
vestment or production use for capital which will return at least 4% 
on the investment. 
Summary and analysis 
Model I, the basic model in this study, has an optimal solution 
which shows that farm firm growth can be accomplished from internally 
generated and borrowed capital given the assumptions of this model. 
The objective function was the maximization of discounted net returns 
and the undiscounted net income for each year has been calculated and 
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is presented in column one of Table 10. Net income in year one amounts 
to $16,597.52 which is considerably lower than for any other year in 
the model. This low net income in year one is explained by the struc­
ture of the model itself. Gross income in year one is limited to the 
amount received from the sale of crops assumed to be standing in the 
field at the beginning of the model and the income from livestock pro­
duction activities which are restricted to limits imposed by buildings 
in place at the beginning of year one. In addition, 289.1 acres are 
rented in year one and the crop expenses to plant these additional 
acres must be paid in year one with the additional crop income not re­
ceived until year two. 
At the beginning of year two, the corn and soybeans from the ex­
panded acreage planted in year one are harvested and there is an in­
crease in the number of swine litters farrowed and raised. There is 
not a large increase in crop expenses in year two as only 25.5 addition­
al acres are rented. These factors combine to increase the net income 
to $31,308.33, a substantial increase over year one. A slight increase 
in net income is shown for year three and larger increases in net in­
come in years four and five. There is only a slight increase in the 
net income received in year six because of the substantial increase in 
rented land added to the farm operation in that year. The resulting 
increase in crop expenses nearly exceeds the increase in net income re­
sulting from growth activities in the previous year. 
Net income reaches a maximum of $46,306.24 in year seven as a re­
sult of the income received from the expanded acreage in year six and 
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no counter-balancing large increase in acreage rented in year seven. 
The net income decreases to $37,229.68 in year eight again as a result 
primarily of a large increase in the additional acreage rented, this 
time in the amount of 210.8 acres. The additional crop expenses and 
the emphasis on corn production in year eight with its higher crop 
expenses per acre, cause expenses to be considerably higher in year 
eight than in any previous year. Gross income remains approximately 
constant in year eight compared to year seven because of the constant 
number of hogs sold in both years with the result that net income is 
lower in year eight than in the previous year. 
The net income of $56,053.55 shown for year nine is included to 
give a more accurate portrayal of the net income generated over the life 
of the model. Net income for year nine is the income received from 
the sale of corn and soybeans which were planted in year eight. The 
only expenses which are assumed to occur at the beginning of year nine 
are harvest expenses and interest due on capital borrowed in year eight. 
The net Income shown is net of these expenses. Another way of looking 
at this figure is to consider it the net value of mature crops in the 
field at the end of the eighth year. 
Another indicator of the increase in the volume of business done 
by the growing farm firm is annual cash flow. The cash flow for each 
year of the model has been calculated and is presented in column two 
of Table 10. Cash flow was calculated by measuring the total number 
of dollars flowing into the farm business from all sources. This 
includes gross income and capital borrowing for this model. 
Table 10. Summary of some growth indicators - Model I 
Year Net 
income* 
Cash 
flow 
Total 
acres 
farmed 
Market 
hogs 
sold 
Value of 
resources 
owned'' 
Value of 
resources 
controlled^  
0 320 $ 96,000.00 $176,000,00 
1 $16,597,52 $ 75,656.31 609.1 450 $130,126.50 $354,676,50 
2 $31,308.33 $ 89,053.98 634.6 822 $136,488.50 $373,788.50 
3 $32,199.26 $101,401.30 679.1 959 $144,182.75 $403,732,75 
4 $35,173.19 $117,936.07 756.6 1100 $156,513.50 $454,813.50 
5 $38,887.21 $132,917.83 792.7 1313 $162,744.50 $479,094,50 
6 $39,455.06 $153,179.65 911.6 1427 $179,903.00 $555,703.00 
7 $46,306.24 $171,966.22 964.5 1703 $183,341.50 $585,591.50 
8 $37,229.68 $192,456.12 1,175.3 1703 $197,043.50 $704,693.50 
9 $56.053.55 
®Undiscounted net income before any fixed costs have been deducted, 
A^mount of mortgage on land being purchased has not been deducted. 
I^ncludes both owned and rented resources. 
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The cash flow grows steadily from $75,656.31 in year one to $192,456.12 
in year eight. This is an increase of just over 2% times during the 
eight years of the model. The annual increases in cash flow range 
from $12,347.32 from year two to year three up to $20,489.90 from year 
seven to year eight with an average annual increase in cash flow of 
$16,685.68. 
A common indicator of farm size or farm growth used by farmers 
and others is total acres farmed or the increase in acres farmed. 
Table 10 shows that the total acres farmed in this model increases from 
the 320 acres which are assumed to exist at the beginning of year one 
up to 1,175.3 in year eight. This is an increase of 3.67 times in the 
number of acres farmed with all of the increase coming from addition­
al rented land. Substantial increases in rented land occurs in years 
one, six and eight with the amounts being 289.1, 118.9 and 210.8 acres, 
respectively. Increases of from 25.5 to 77.5 acres of rented land 
occur in each of the remaining years. 
The major livestock activity and the only livestock activity 
after year one is swine farrowing and raising. Column four of Table 10 
shows the total number of market hogs raised and sold during each of 
the eight years. A total of 450 market hogs is sold in year one and 
additional swine facilities are added in years one through six to allow 
swine production to increase to where 1,703 market hogs are sold in 
each of the last two years of the model. Swine production is increased 
3.78 times during the first seven years of the model with produc­
tion remaining constant in the last year. No additional swine 
129 
facilities are added in the seventh year to make them available for 
use in the eighth year. Growth in the last year is confined to an 
increase in the number of acres of crops grown on additional rented 
land. 
The value of productive resources owned by the farm operator and 
used in the farm production processes was discussed in an earlier chap­
ter as a possible measure of farm firm growth. As shown in column 
five of Table 10, the farm operator in this model is assumed to own 
$96,000.00 of land, machinery and buildings at the beginning of year 
one. This figure slightly more than doubles through the eight years 
of the model reaching $197,043.50 in year eight. The additional in­
vestment in buildings and machinery amounts to $101,043.50 with no 
additional land being purchased. 
Because of the emphasis on increasing the quantity of land rented 
in this model, a better indicator of the growth which takes place in 
the physical resources used for production activities is the value of 
resources controlled as shown in column six of Table 10. This is the 
value of both owned and rented resources with the rented land valued 
at $500.00 per acre the same as the land being purchased. The farm 
operator in this model controls $176,000.00 of physical resources at 
the beginning of the model and this increases 4.0 times to $704,693.50 
in the eighth year. This is the total value of the land, buildings 
and machinery used in the production processes. From these figures, it 
can be seen that it will not be unusual to find skilled farm managers 
operating a growing farm firm and controlling physical resources with 
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Table 11. Change of net worth - Model I 
Item 
Beginning 
net worth 
Ending 
net worth Increase 
Cash $ 5,000.00 $ 24,667.69 $ 19,667.69 
Mature crop 
in field 
Land 
$18,165.03 
$32,000.00 $ 41,376.40 
$ 18,165.03 
$ 9,326.40 
Machinery $16,000.00 $ 71,594.50 $ 55,594.50 
New buildings — - - $ 45,449.00 $ 45,449.00 
Sows - - - $ 5,675.00 $ 5,675.00 
Total net worth 
or increase 
$71,165.03 $188,712.59 $117,547.56 
a total value approaching three quarters of a million dollars. 
Increase in net worth has been suggested as a measure of firm 
growth by several writers as discussed in an earlier chapter. Table 11 
shows the computation of the net worth of the farm firm in this model 
at the beginning and at the end of the model. The net woi'ch is shown 
to increase from $71,165.03 to $188,712.59 or an increase of 
$117,547.56. This is an average annual increase in net worth of 
$14,693.44 or a compound annual increase of just under 13% per year. 
Table 12 shows the results of estimating the marginal rate of 
return on capital utilizing shadow prices and reduced costs. Two 
methods were used to estimate the marginal rate of return on the total 
mix of capital. The estimates obtained by method one were calculated 
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Table 12. Estimated marginal rate of return on capital - Model I 
(undlscounted values) 
Total capital 
Year Method 
one 
Method 
two 
Operating 
capital 
Investment 
capital 
1 17.9% 20.3% 22.6% 26.7% 
2 27.4% 29.5% 31.9% 25.3% 
3 26.2% 28.0% 30.0% 24.0% 
4 24.6% 26.1% 27.6% 22.8% 
5 23.3% 24.5% 25.6% 21.7% 
6 22.1% 22.9% 23.8% 20.5% 
7 20.4% 21.1% 21.4% 19.3% 
8 19.3% 19.3% 19.3% M » M 
from the shadow price on the borrowing restriction for each year. 
The shadow prices were multiplied by the appropriate discount factor 
for each year and 6% was added to this undlscounted value because an 
additional dollar of borrowed capital would have a 6% interest charge 
on it. The rates of return shown under method two were calculated 
from the reduced costs for the savings activity In each year. These 
reduced costs indicate the reduction in the objective function value 
that would have resulted from one dollar of capital being forced into 
savings each year. These reduced costs were undlscounted and the four 
per cent return that would have been obtained on the amount saved was 
added to the undlscounted figure to arrive at the rate of return shown. 
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The estimated marginal rates of return on total capital obtained 
by the two different methods give somewhat different results with 
method one consistently lower than method two. The disparity between 
the figures grows smaller during the later years until finally con­
verging to the same figure in the eighth and final year. 
The third column of Table 12 shows the estimated marginal rate 
of return on annual operating capital. These rates were calculated 
by undiscounting the shadow prices shown for the operating capital 
restriction. In all years except the first, the estimated marginal 
return on operating capital is equal to or higher than the estimated 
marginal rate of return on all capital. The estimated marginal rate 
of return on operating capital for year one is lower than for year two 
and most of the following years. Because the production activities in 
year one, particularly the swine activities, were restricted to levels 
permitted by the physical facilities assumed to be available at the 
beginning of the model, an optimal combination of resources for growth 
purposes could not be obtained in year one. This resulted in a lower 
marginal rate of return on operating capital. In year two and there­
after, it was possible to rent land and build swine facilities in order 
to get on the optimal growth path and the operating capital has a mar­
ginal rate of return which increases substantially in year two over 
year one. 
The estimated marginal rate of return on capital used for invest­
ment purposes was calculated in a similar manner using the shadow 
prices on the investment capital restriction and is presented in column 
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four of Table 12. Investment capital has a lower rate of return than 
operating capital in all years except year one and shows a steady de­
cline from year one through year seven. There was some investment cap­
ital not utilized in year eight so it was not possible to calculate a 
return for that year. 
Except for year one, the estimated marginal rates of return on 
total capital is an intermediate figure between the rate of return 
shown for operating capital as an upperbound and the rate of return 
shown for investment capital as a lowerbound. It was hypothesized that 
the rate of return on total capital was a weighted average of the a-
mounts of capital used for operating and for Investment purposes each 
year. Some approximate calculations tends to verify this assumption 
as when the proportion of the total capital which is used for operating 
or investment purposes each year is multiplied by the appropriate esti­
mated marginal rate of return, the sum of these two values falls between 
the two estimates provided by method one and method two with a tendency 
to agreeing more closely with the estimate provided by method two. 
The estimated marginal rates of return and some other factors dis­
cussed earlier show a high value must be placed on capital during the 
early growth years of an expanding farm firm. Operating capital avail­
able in the earlier years can be used in production enterprises to gen­
erate net income which is available for operating capital or for in­
vestment purposes in the following years. Capital used for investment 
purposes in the early years allows for the physical resources which are 
added to be available to the farm firm for production activities during 
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all of the following years and to generate additional net income. The 
decline in the estimated marginal rates of return on capital over time 
indicates what would happen if shorter planning periods were used in 
developing farm plans emphasizing growth. Conversely, a growth model 
utilizing a planning period longer than eight years could be expected 
to show rates of return on capital which would be higher than those 
calculated for this model. 
Models IIA and IIB - Capital 
Model I assumed a moderately large amount of capital was available 
in the first year. In addition to the $5,000.00 in cash, there was a 
crop in the field with a value of $18,165.03 net of harvest costs and 
an uncommited $12,000.00 in borrowing capacity. To determine effects 
of a more limiting initial capital situation. Models IIA and IIB were 
developed and solved with all restrictions and coefficients the same 
as in Model I with the exception of the initial capital restriction. 
Model IIA assumes there is $10,000.00 less capital available in 
year one than Model I. The initial capital available in cash is reduced 
to zero, an existing debt of $5,000.00 is assumed to exist and, be­
cause of the $5,000.00 in capital borrowing already assumed to have 
taken place, the borrowing restriction is reduced from $12,000.00 to 
$7,000.00. Model IIB has an initial capital position of $20,000.00 
less than Model I and assumes there is no cash available at the begin­
ning of the model, there is a $15,000.00 debt and a borrowing restric­
tion which has been reduced to zero. 
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Reducing the amount of capital which is available for use in year 
one causes the value of the objective function to decline from 
$215,777.00 for Model I to $198,085.00 for Model IIA and Model IIB 
shows a further reduction to $177,705.00. This is a decline of 
8.2% from Model I to Model IIA and a further decline of 10.3% from 
Model IIA to Model IIB. There is a total decline of 17.6% in the dis­
counted net returns maximized in the objective function when Model IIB 
with an initial capital position of $20,000.00 less than Model I is com­
pared with Model I. 
Crop activities 
A summary of the major crop activities for Model I, Model IIA and 
Model IIB are presented in Table 13. The figures show there is a re­
duction in the total number of acres farmed as capital becomes more 
restricting but, with the exception of the first two years, there is 
very little change in the proportion of corn, soybeans and oats raised. 
In year one. Model I includes the production of 49.3 acres of oats while 
no oats is raised in either of the other two models. Year two shows 
that 21.0 acres of oats is raised in Model IIA which is less than half 
the number of acres of oats raised in Model I and only 3.0 acres of 
oats is raised in Model IIB. The 3.0 acres of oats raised in Model IIB 
is in the solution only because of the need to rejuvenate some pasture 
needed for the swine activities. 
The percentage of the total crop land planted to soybeans in year 
one in the more capital restrictive models increases by just over 11% 
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Table 13. Comparison of the crop activities for Model I with 
Models IIA and IIB& 
Year 
Total 
corn 
(acres) 
Total 
soybeans 
(acres) 
Total 
oats 
(acres) 
% of total 
cropland in 
corn 
% of total 
cropland in 
soybeans 
298.2 224.1 49.3 51.5% 38.7% 
1 216.0 221.5 — — 48.5% 49.8% 
176.5 180.5 -- 48.8% 49.9% 
244.2 310.1 43.0 40.5% 51.4% 
2 236.7 248.9 21.0 46,3% 48.7% 
198.8 190.9 3.0 50.1% 48.1% 
290.2 306.1 42.3 45.0% 47.5% 
3 264.3 265.5 34.5 46.4% 46.6% 
198.6 251.1 31.3 41.0% 51.9% 
328.2 326.6 56.8 45.7% 45.4% 
4 284.3 292.5 43.7 45.4% 46.7% 
276.9 226.2 32.5 51.3% 41.9% 
287.9 397.5 58.9 38.2% 52.8% 
5 265.0 341.9 45.7 40.2% 51.8% 
236.8 307.9 52.7 39.3% 51.1% 
437.5 343.8 75.3 50.5% 39.7% 
6 373.5 310.2 59.4 49.7% 41.3% 
345.2 262.8 52.6 51.8% 39.5% 
328.1 488.4 88.4 35.8% 53.3% 
7 262.1 439.0 63.6 33.9% 56.7% 
214.3 392.4 52.3 32.2% 58.9% 
738.2 366.9 66.1% 32.9% 
8 617.7 314.7 65.6% 33.4% 
504.9 273.4 -- 64.3% 34.8% 
®Top figure in each group is Model I, middle figure is Model IIA 
and lower figure Model IIB. 
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while the percentage of the total crop land planted to corn decreases 
by 37o or less. This indicates the shift is from oats to soybeans in 
the first year of the more capital limiting models. Two factors account 
for this shift towards soybeans. First, because of the smaller scale 
of activities in the capital limiting models, labor is less restric­
tive or unrestricted in the fall and spring time periods. Oats tend 
to be raised only when spring labor becomes restricting and as a 
means to take advantage of the unused labor in the July-August time 
period. The second factor for the increased emphasis on soybean pro­
duction in year one is the larger amount of net income generated by 
an acre of soybeans while requiring the use of approximately the same 
amount of operating capital as an acre of oats and less operating capi­
tal than corn. The combination of increased capital generation and a 
less restrictive labor situation in the fall and spring time periods 
cause soybeans to be a more attractive crop than oats in year one for 
the models with less capital available than Model I. 
From year three through year eight for Model IIA. and from year four 
through year eight for Model IIB, the maximum amount of part-time labor 
which can be hired during the fall and spring time periods is employed 
and the cropping pattern becomes very similar to the cropping pattern 
in Model I. Fewer acres are cropped but the percentage of the crop 
land planted to the major crops shows only some minor year to year var­
iations. There is no discernable trend to either more or less corn or 
soybeans and the proportion of the rented land planted to oats each 
year remains within the same narrow range for all three models. Once 
138 
a certain minimal capital situation is reached and the restriction on 
hiring part-time labor in the fall and spring time periods is reached, 
the optimal proportion of crops to be raised shows no substantial var­
iation from model to model. 
Reduced costs for the crop activities in year one further empha­
size the advantage of soybeans over oats in this year for the models 
which are more limiting in capital. For soybeans following oats on 
rented ground, the reduced costs go from $6.36 for Model I down to 
$1.50 for Model IIA to 59f for Model IIB. This indicates there would 
be a smaller reduction in the objective function for forcing one acre 
of soybeans following oats on rented land into the solution for the 
more capital limiting models. For oats following soybeans on rented 
land the reduced costs go from $2.44 per acre for Model I up to $4.47 
per acre for Model IIA to $9.32 per acre for Model IIB. Forcing oats 
after soybeans into the final solution therefore would cause a larger 
and larger reduction in the objective function as capital becomes more 
and more restricting. The reduced costs for soybean and oats activi­
ties on owned land in year one have larger values but show the same 
trend from model to model as those indicated above for rented land. 
For years two through eight the reduced costs on crop activities not 
in the optimal solution show only minor model to model variation in 
any year with no evidence of any persistent pattern changes. 
Livestock activities 
The swine farrowing and raising activities for year one are the 
same for all models with one exception. All three models call for 
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farrowing forty litters under swine activity three which is a four-
litter system utilizing the central farrowing house for farrowing 
and the open front shed with cement feeding floor for finishing 
the hogs. The forty litters utilize the finishing facilities to the 
maximum allowable. Ten litters of hogs are farrowed and raised in 
each of the three models under swine activity four which utilizes 
portable buildings for farrowing and finishing. This is a twb-litter, 
winter-summer system and the ten litters completely utilize the port­
able buildings assumed to exist at the beginning of year one. Models 1 
and IIA utilize the portable buildings on pasture to the maximum allow­
able by farrowing and raising ten litters under the fall-spring, two-
litter system of swine activity six. Model IIB, the most capital lim­
iting model, raises only 0.2 litters under swine activity six. 
From years two through eight, all models utilize to the limit 
available the open front finishing shed by farrowing and raising forty 
litters under swine activity three. None of the three models utilize 
swine activity four or swine activity six after the first year and the 
portable buildings which are assumed to exist at the beginning of year 
one are no longer utilized after the first year. The expansion in swine 
farrowing and raising which takes place in Model I is limited to the 
use of swine activity one which is a four-litter system utilizing the 
central farrowing house and the total confinement finishing building. 
The total number of litters farrowed and raised in Model I increases 
each year up to year seven with a total of 227.0 litters farrowed and 
raised in years seven and eight. 
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Table 14. Comparison of livestock activities for Model I with 
Models IIA and IIB& 
Swine litters Beef 
Year 
Activ­
ity 
1 
Activ­
ity 
2 
Activ­
ity 
3 
Activ- Activ­
ity ity 
4 6 
Total 
lit­
ters 
Activ 
ity 
1 
1 - -
-  - 40.0 
40.0 
40.0 
10.0 10.0 
10.0 10.0 
10.0 0.2 
60.0 
60.0 
50.2 
45.2 
21.9 
12.4 
2 
69.6 
20.0 
47.9 
40.0 
40.0 
40.0 
109.6 
87.9 
60.0 1.2 
3 
87.9 
54.2 
20.0 
4.6 
40.0 
40.0 
40.0 
127.9 
98.8 
60.0 15.9 
4 
106.6 
75.7 
41.8 
40.0 
40.0 
40.0 
146.6 
115.7 
81.8 
5 
135.1 
99.1 
58.7 
40.0 
40.0 
40.0 
175.1 
139.1 
98.7 
6 
150.2 
113.4 
67.4 
40.0 
40.0 
40.0 
190.2 
153.3 
107.4 
7 
187.0 
148.2 
100.7 
40.0 
40.0 
40.0 
227.0 
188.2 
140.7 
8 
187.0 
148.2 
102.3 
- - 40.0 
40.0 
40.0 
" — — — 
227.0 
188.2 
142.3 
- -
T^op figure in each group is Model I, middle figure is Model IIA 
and lower figure Model IIB. 
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Models IIA and IIB utilize a slightly different growth path for 
the swine activities with Model IIA switching from swine activities 
four and six in year one to swine activity two in year two and utiliz­
ing both swine activity one and swine activity two in the third year. 
Model IIB switches from swine activities four and six in year one to 
raising twenty litters in years two and three under swine activity 
one and then switches to swine activity two where 41.8 litters are 
raised in year four and 58.7 litters are raised in year five. In 
years six, seven and eight. Model IIB switches again utilizing swine 
activity one to expand production in each of those years. 
Swine activity two, which is used by Models IIA and IIB, is a six-
litter system utilizing the central farrowing house and the total con­
finement finishing building. These are the more capital limiting 
models and they reach a point. Model IIA in years two and three and 
Model IIB in years four and five, where operating capital is avail­
able to expand the swine production but there is insufficient invest­
ment capital available to expand the farrowing facilities. Under these 
circumstances, there is a temporary shift to the six-litter system in 
an attempt to more completely utilize the farrowing capacity while in­
vestment funds are not available to increase the number of farrowing 
stalls. 
The more capital limiting models are unable to expand swine pro­
duction as rapidly as Model I. There is a reduction in the total number 
of litters farrowed and raised in the eighth year from 227.0 in Model I 
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to 188.2 in Model IIA to 142.3 for Model I IB. This is a 17.17» reduc­
tion from Model I to Model IIA and a further reduction of 24.4% for 
Model IIA to Model IIB. From Model I to Model IIB the reduction in 
swine litters farrowed and raised is 37.3%. 
The shadow prices for the three models show a year to year and 
model to model variation which follows a pattern much like the swine 
production activities. In the earlier years, the capital limiting 
models have higher shadow prices on swine farrowing and finishing facil­
ities than does Model I. These shadow prices for Model IIA become 
equal to the shadow prices for Model I beginning in year four and con­
tinue to be equal for each of the following years. For Model IIB, the 
shadow prices on swine farrowing and raising facilities do not decline 
and become equal to those for Models I and IIA until year six. The 
shadow prices for years six, seven and eight are within a few cents of 
each other for all three models. These results would indicate that 
there is an optimum growth path for the swine production activities 
which is reached once sufficient capital is available. For the more 
capital limiting situation of Models IIA and IIB it takes a number of 
years to reach the growth path but once it is attained the shadow prices 
on the swine restrictions become equal regardless of the scale of the 
swine activities on the growth path. 
The only beef feeding activity to enter the solution to any of the 
three models is beef activity one. This activity calls for feeding 
steer calves utilizing beef technology one. A feedlot of this type 
with a capacity of 100 head exists at the beginning of year one. 
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These existing facilities are utilized in year one to the extent of 
45.2 head in Model I, 21.9 head in Model IIA and 12.4 head in Model 
IIB. The solutions to Models I and IIA do not call for feeding any 
cattle after year one while the solution to Model IIB calls for feed­
ing 1.2 head of steer calves in year two and 15.9 head of steer calves 
in year three. 
Model IIB is the most capital limiting model and still has some 
operator labor available through year three which is partially util­
ized by feeding steer calves and utilizing the existing cattle feed­
ing facilities. Another advantage of cattle feeding activities under 
a more capital restricting situation is the high proportion of the re­
quired operating capital which can be borrowed. 
Labor activities 
Restricting the amount of capital available at the beginning of 
the model causes several changes to take place in labor hiring and 
labor utilization. As shown in Table 15, Model I begins to hire full-
time labor in year one and increases the amount of full-time labor hired 
each year reaching a maximum of 3,629.7 hours of full-time labor in 
the eighth year. Model IIA does not hire any full-time labor until 
year three with a maximum amount hired in the eighth year of 2,530.5 
hours which is approximately 270 hours less than one full-time man 
equivalent. Model IIB, the most capital limiting of the three models, 
does not hire any full-time labor until year five and hires just 
slightly more than the equivalent of one-half of a full-time man in 
the eighth and final year. The reduction in the scale of production 
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activities which can be carried on under a more capital limiting situa­
tion causes less full-time labor to be needed. 
The hiring pattern for part-time labor is similar to that for full 
time labor between the three models. Model I employs no part-time 
labor in year one but hires the maximum allowable amount of spring 
part-time labor in year one. In years two through eight Model I em­
ploys the maximum allowable amount of both fall and spring part-time 
labor. Model IIB calls for hiring 16.5 hours of part-time labor in 
the fall of the first year and 166.9 hours of part-time labor in the 
spring. During the second year, Model IIA hires the maximum allowable 
amount of part-time spring labor and comes within 1.7 hours of hiring 
the maximum allowable amount of part-time fall labor. For all years 
including and following year three. Model IIA hires the maximum allow­
able amount of fall and spring part-time labor which is 250 hours. 
No part-time labor is needed during the first year by Model IIB 
because the limited capital prevents the expansion of production activ­
ities to the point of where additional labor is needed. A small amount 
of both fall and spring part-time labor is needed by Model IIB during 
the second year and somewhat larger amounts during the third year. By 
the fourth year. Model IIB hires the maximum allowable amount of both 
fall and spring part-time labor and, with the exception of part-time 
fall labor in year five, continues to employ the maximum allowable 
amount of part-time labor all the following years. 
Not only do the more capital limiting models hire less full-
time and part-time labor, they also have some operator labor unused in 
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Table 15. Comparison of labor activities for Model I with Models IIA 
and usa 
Labor hired (hours) Slack labor (hours) 
Year Full 
time 
Part-
time 
(fall) 
Part-
time 
(spring) 
Period I 
(fall) 
Period 2 
(winter) 
Period 4 
(summer) 
396.4 250-0 285.3 
1 —  —  16.5 166.9 —  —  236.1 77.2 
- -
-- 54.6 324.5 124.7 
581.5 250.0 250.0 B M 309.4 —' — 
2 —  —  248.3 250.0 — — 247.9 14.5 
-- 49.6 33.0 -- 329.2 110.1 
814.7 250.0 250.0 « 306.1 — — 
3 284.4 250.0 250.0 —  —  267.1 
— 118.6 187.7 - - 287.7 24.2 
1,289.6 250.0 250.0 « » 371.6 — 
4 665.8 250.0 250.0 —  —  310.1 --
—  —  250.0 250.0 — —  268.5 2,0 
1,727.9 250.0 250.0 « 388.3 — — 
5 1,025.0 250.0 250.0 — —  323.9 --
545.3 218.7 250.0 - - 369.7 --
2,158.3 250.0 250.0 a » 454.7 — 
6 1,413.6 250.0 250.0 —  —  381.2 --
693.5 250.0 250.0 - - 350.5 - -
2,905.2 250.0 250.0 m» K 528.9 M — 
7 1,987.3 250.0 250.0 —  —  413.0 — -
1,175.3 250.0 250.0 -- 361.1 --
3,629.7 250.0 250.0 » «W 739.0 259.9 
8 2,530.5 250.0 250.0 — — 570.5 191.6 
1,491.2 250.0 250.0 — - 446.7 140.2 
and 
®Top figure 
lower figure 
in each 
is Model 
group is Model 
IIB. 
1, middle figure is Model IIA 
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the early years of the model. Model IIA has operator labor unused in 
the first and second years. Model IIB has slack operator labor during 
the fall of year one and during the summer of years one through four. 
It is this unused operator labor which is free of cost along with the 
more restricted capital situation which causes the shifts in crop and 
livestock production during the early years of the more capital limit­
ing models. 
The shadow prices for labor again confirm that there is an opti­
mal combination of production activities to be increased in scale along 
the growth path. During the early years of the more capital limiting 
models, the shadow prices for labor are lower than for Model I because 
of the limited amount of capital available to combine with the operator 
labor which is available. As additional capital is generated within 
the model, the shadow prices for the labor restrictions on Models IIA 
and IIB approach the shadow prices on labor restrictions for Model I. 
For Model IIA,.it takes until the third year for the shadow prices on 
labor restrictions to equal those for Model I and for Model IIB it 
takes until year six. 
Expansion activities 
Table 16 is a comparison of the expansion activities which enter 
the solution to Models I, IIA and IIB. The expansion activities which 
enter the solution to the three models are the same four but, in gen­
eral, on a smaller and smaller scale as capital becomes more and more 
limiting. There is also some differences in timing of the various 
types of expansion activities and the relative emphasis placed on them. 
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The solution to Model I calls for renting 289.1 acres in year 
one and purchasing the necessary machinery to farm these additional 
acres. With capital being more limiting in Model IIA, the solution 
calls for renting 147-8 acres in the first year and, with a further 
reduction in the capital available at the beginning of year one. Mod­
el IIB calls for renting only 60.7 acres the first year. In the sec­
ond year, only 25.5 acres are rented in the solution to Model I while 
the land rented in the solution to Model IIA jumps to 70.0 acres now 
that this model has been able to generate some additional capital inter­
nally. With capital being more limiting in Model IIB than in Model IIA 
the largest increase in the amount of land rented in Model IIB comes 
in year three when 91.7 acres are rented which is more than either of 
the other two models in that year. 
Over the entire eight years of the model. Model I rents a total 
of 855.3 acres and purchases the additional machinery necessary to 
farm this increased acreage. The total land rented by Model IIA is re­
duced by 21.5% to 671.5 acres anJ there is a further 24.5% reduction 
by Model IIB to 506.9 acres which is a reduction of 40.7% from the 
number of acres rented by Model I. 
The expansion in the physical facilities for farrowing and rais­
ing swine also shows some differences not only in the amounts purchased 
but in the timing of the purchases. Model I expands the farrowing ca­
pacity by 12.4 stalls in year one. Model IIA by 3.0 stalls and Model 
IIB does not expand the farrowing capacity until year three. The num­
ber of farrowing stalls added by Model IIA exceeds the number added by 
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Table 16. Comparison of expansion activities for Model I with 
Models IIA and IIB® 
Year 
Land 
rented 
(acres) 
Machinery 
purchase 
(acre units) 
Swine farrow­
ing capacity 
(stalls) 
Swine 
technology 4 
(head capacity) 
289.1 
147.8 
60.7 
289.1 
147.8 
60.7 
12.4 
3.0 
174.0 
117.1 
50.0 
25.5 
70.0 
37.1 
25.5 
70.0 
37.1 
4.6 
6.3 
45.8 
29.7 
44.5 
61.3 
91.7 
44.5 
61.3 
91.7 
4.7 
4.6 
2 . 0  
46.7 
42.5 
52.3 
77.5 
60.0 
58.7 
77.5 
60.0 
58.7 
7.1 
5.8 
2 . 8  
71.3 
58.4 
41.1 
36.1 
35.0 
65.9 
36.1 
35.0 
65.9 
3.8 
3.6 
7.1 
37.8 
35.8 
25.0 
118.9 
96.1 
67.0 
118.9 
96.1 
67.0 
9.2 
8.7 
8.3 
92.0 
86.9 
83.4 
52.9 
24.4 
52.9 
24.4 
0.4 3.9 
210.8 
176.9 
125.8 
210.8 
176.9 
125.8 
Total 
855.3 
671.5 
506.9 
855.3 
671.5 
506,9 
41.8 
32.0 
20.6 
467.6 
370.4 
255.7 
T^op figure in each gtoup is Model I, middle figure is Model IIA 
and lower figure Model IIB. 
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Model I in year two and the number added by Model IIB does not exceed 
the number added by either of the other two models until year five. 
A total of 41.8 farrowing stalls is added during the eight years by 
Model I and 32.0 are added by Model IIA which is a reduction of 23.4%. 
Model IIB adds only 20.6 farrowing stalls during the eight years 
which is a reduction of 35.6% from Model IIA and a reduction of 50.7% 
from Model I. 
The expansion in swine finishing facilities under the total con­
finement building system of swine technology four follows a pattern 
similar to the expansion in farrowing capacity. An exception is in 
year one when Model I IB adds space for 50 head in the finishing facili­
ty. This amount is needed to allow complete utilization of the exist­
ing farrowing capacity under a multiple farrowing system as the fin­
ishing facilties existing at the beginning of year one are not suf­
ficient to handle the finishing of the number of market hogs which 
could be farrowed in the fifteen existing farrowing stalls. 
The above results show that reducing the amount of capital avail­
able at the beginning of year one causes a relative shift in the em­
phasis on expanding rented land and physical facilities for farrow­
ing and raising hogs. Comparing Models I and IIA, there is a 21.5% 
reduction in the amount of land rented and a 23.4% reduction in the num­
ber of farrowing stalls added. This change in the relative emphasis 
on these two expansion activities is more pronounced when comparing 
Model IIB with Model I where the reduction in the acres of land rented 
amounts to 40.7% and the reduction in the number of farrowing stalls 
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added amounts to 50.7%. It can be seen that, particularly in the 
early years, expansion favors land renting over adding to the swine 
facilities. The early years are where the capital limitations are 
felt the strongest and as capital is generated internally swine facil­
ities are added by the more capital limiting models but not at a rate 
which allow them to catch up with land renting on a relative basis. 
Financial activities 
As would be expected, reducing the amount of capital available at 
the beginning of year one causes some corresponding reductions in the 
levels of the various financial activities entering the solutions to 
the models. Column one of Table 17 shows that the amount of capital 
which can be borrowed in year one is reduced from $28,243.00 for 
Model I to $15,516.00 for Model IIA down to $4,274.00 for Model IIB. 
In each of the following years, the more capital limiting models are 
unable to acquire assets and expand their borrowing capacity at a rate 
which allows them to reach the borrowing level of Model I. After year 
one there is, however, an improvement in the relative ability of Model 
IIA and IIB to borrow capital when compared to Model I. 
The fixed costs which must be paid in each year of the various 
models increases in direct proportion to the amount of physical re­
sources which are added each year. Limiting capital allows fewer phy­
sical resources to be added each year as was shown in the previous sec­
tion and column two of Table 17 indicates that the fixed costs for 
each year are less as capital becomes more restricting. Total 
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Table 17. Comparison of financial activities for Model I 
with Models IIA and IIB* (to nearest dollar) 
Capital Fixed Taxes Family 
Year borrowed costs paid consumpt] 
$28,243 $10,718 $ 496 $ 4,496 
1 $15,516 $ 9,341 $ 922 $ 4,922 
$ 4,274 $ 8,491 $1,201 $ 5,201 
$31,261 $11,886 $3,882 $ 7,882 
2 $24,000 $10,482 $2,952 $ 6,952 
$17,409 $ 9,009 $2,193 $ 6,193 
$35,281 $12,601 $3,925 $ 7,925 
3 $28,494 $11,363 $3,329 $ 7,329 
$22,367 $ 9,904 $2,421 $ 6,421 
$40,426 $13,644 $4,407 $ 8,407 
4 $32,922 $12,220 $3,814 $ 7,814 
$24,268 $10,700 $2,794 $ 6,794 
$45,611 $14,435 $5,138 $ 9,138 
5 $37,346 $12,921 $4,352 $ 8,352 
$28,402 $11,557 $3,446 $ 7,446 
$51,598 $15,826 $4,933 $ 8,933 
6 $42,481 $14,078 $4,297 $ 8,297 
$33,110 $12,501 $3,452 $ 7,452 
$58,490 $16,907 $6,375 $10,375 
7 $48,165 $14,850 $5,633 $ 9,633 
$37,803 $13,014 $4,920 $ 8,920 
$65,343 $18,963 $3,591 $ 7,591 
8 $53,912 $16,575 $3,256 $ 7,256 
$42,109 $14,264 $2,860 $ 6,860 
T^op figure in each group is Model I, middle figure is Model IIA. 
and lower figure is Model IIB. 
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accumulated fixed costs reach a maximum in the last year and total 
$18,963.00 for Model I, $16,575.00 for Model IIA and $14,264.00 for 
Model IIB. 
Income and social security taxes are also lower in the more capi­
tal limiting models because the scale of production activities is lower 
and less net income is generated each year. The exception is year one 
where more taxes are paid by the capital limiting models than by Model 
I. This is explained by the smaller amount of machinery purchased in 
the first year by the capital limiting models and a corresponding small­
er amount of machinery depreciation which can be deducted from taxable 
income along with less crop expense because of the smaller number of 
acres farmed. This reduction in machinery depreciation and crop ex­
penses from Model I to Models IIA and IIB causes the taxable income to 
be higher. After year one, taxes are always highest for Model I fol­
lowed by Model IIA and Model IIB in that order. 
Family consumption is also adversely affected by reducing the 
amount of capital available at the beginning of year one again with an 
exception in the first year. Because the marginal consumption is fig­
ured on a net income similar to that used for computing taxable income, 
family consumption is actually higher in year one for the more capital 
limiting models than it is for Model I. After the first year. Model I 
has a larger scale of production activities, generates more net income 
and allows a larger amount for family consumption that do the other 
two models. Consumption reaches a maximum in year seven for all models 
with the amount being $10,375.00 for Model I, $9,633.00 for Model IIA, 
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and $8,920.00 for Model IIB. The reduction in consumption in year 
eight over year seven for all models is a result of the relatively 
large amounts of machinery depreciation and additional crop expenses 
incurred in year eight which reduces the net income in the eighth 
year as compared to year seven. 
Summary and analysis 
The most obvious result of reducing the amount of capital avail­
able at the beginning of year one is to reduce the scale of the produc­
tion activities engaged in by the farm firm because of the slower rate 
at which the more capital limiting models can acquire additional pro­
ductive resources. Table 18 provides a comparison of Model I with 
Models IIA and IIB for some of the possible growth indicators. In addi­
tion to the objective function, one of the growth measures which is re­
duced because of the capital limitations is the number of additional 
acres rented. This shows up as a reduction in the total number of 
acres farmed at the end of the model. Model I farms 1,175.3 acres in 
year eight while this is reduced to 991.5 acres for Model IIA and is 
further reduced to 826.9 acres for Model IIB. All of the reduction 
is accounted for by fewer acres rented. The reduction in the number 
of acres farmed in year eight amounts for 15.67» for Model IIA compared 
to Model I and 29.6% for Model IIB compared to Model I. 
The number of market hogs sold in the eighth year in Model I is 
1,703 compared to 1,412 for Model IIA and 1,067 for Model IIB. This 
is a reduction of 17.1% for Model IIA when compared with Model I and a 
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Table 18. Comparison of some growth indicators for Model I and 
Models IIA and IIB (to nearest dollar) 
Model I Model IIA Model IIB 
Objective function $215,777 $198,085 $177,705 
Acres farmed in 
year 8 
1,175.3 991.5 826.( 
Market hogs sold 
in year 8 
1,703 1,412 1,067 
Value of assets 
owned in year 8 
$197,044 $175,094 $152,673 
Value of assets 
controlled in year 8 
$704,693 $590,844 $486,123 
Increase in net 
worth over 8 years 
$117,548 $100,404 $ 81,977 
reduction of 37.3% for Model IIB compared to Model I. These figures 
indicate again that there is a slight relative advantage to increas­
ing the scale of production possibilities on a growing farm by rent­
ing land as opposed to expanding hog production as capital becomes 
more limiting. Comparing Model IIB with Model IIA, again confirms this 
conclusion as the number of acres farmed is reduced by 16.6% while the 
number of market hogs sold is reduced by 24.4%. It can be assumed 
that this relative shift to renting land would continue and perhaps be­
come more pronounced as capital becomes more and more limiting. 
The value of productive physical assets or resources owned at the 
end of the eighth year also declines as capital becomes more limiting 
as does the value of physical productive assets or resources controlled. 
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Value of physical productive assets owned declines less than does the 
value of physical productive assets controlled because of the relative­
ly large base established by the land which is being purchased by the 
farm operator. The reduction in the value of assets owned is 11.1% 
and 22.5% for Models IIA and IIB respectively while the correspond­
ing reductions in the value of assets controlled are 15.4% and 32.7%. 
The increase in the net worth of the farm firm which can be at­
tained over the eight years of the model shows similar reductions 
under the capital limiting models. There is a reduction in net worth 
accumulation in Model IIA when compared to Model I of 14.6% and the re­
duction is 30.3% for Model IIB. The actual increase in net worth which 
can be attained goes from $117,548.00 for Model I to $100,404.00 for 
Model IIA declining further to $81,977.00 for Model IIB. 
The marginal rates of return on capital as indicated by the shadow 
prices on the operating capital and investment capital restrictions 
show some pronounced changes as capital becomes more limiting. These 
changes are concentrated In the earlier years. Table 19 provides a 
comparison of the marginal rates of return on operating capital and 
investment capital for each of the three models for each year. With 
several exceptions, the effect of reducing the amount of capital avail­
able at the beginning of year one is to Increase the marginal rate of 
return on the available capital. This is particularly true in the 
early years when capital is most limiting. 
Marginal rate of return on operating capital becomes very high 
Table 19. Comparison of estimated marginal rates of return for Model I with 
Models IIA and IIB 
Operating capital Investment capital 
Model Model Model Model Model Model 
Year I IIA IIB I IIA. IIB 
1 22.6% 47.3% 68.3% 26.7% 28.6% 34.9% 
2 31.97= 31.6% 41.0% 25.3% 25.7% 31.0% 
3 30.0% 23.9% 33.8% 24.0% 24.0% 26.4% 
4 27.6% 27.8% 24.0% 22.8% 22.8% 23.6% 
5 25.6% 25.6% 19.7% 21.7% 21.7% 21.9% 
6 23.8% 23.8% 23.8% 20.5% 20.5% 20.8% 
7 21.4% 21.7% 21.6% 19.3% 19.3% 20.0% 
8 19.3% 19.3% 20.0% a# ## 
157 
for the more capital limiting models reaching as high as 68.3% for 
Model IIB in the first year. The results in Table 9 verify the 
correctness of the advice often given young farmers to "keep their 
capital working", that is, used for operating capital rather than ty­
ing it up in fixed assets. There is an unusual decline in the mar­
ginal rate of return on operating capital for Model IIA. in year three 
and in year five for Model IIB. These years happen to be the first 
years in which each of the two models begins to hire full-time labor. 
This signals the end to the availability of any "free" operator labor 
causing some changes in the relative profitability of some of the pro­
duction activities and a temporary lowering of the marginal rate of 
return on operating capital. 
The marginal rates of return on investment capital also show in­
creases in the early years for the more capital limiting models though 
the increases are not as great as for operating capital. There are 
two reasons for the higher marginal rates return on capital in Models 
IIA and IIB. First, because capital is more limiting in the early 
years, it is used first for those activities which have the highest 
marginal rates of return. Secondly, operator labor is still unused 
in some of the labor time periods in the early years which means the 
capital is being used in conjunction with "costless" operator labor 
giving it a very high rate of return. 
The marginal rates of return on capital for Models IIA and IIB, 
while starting higher in all cases in year one than Model I, tend to 
converge toward and become equal to the rates of return for Model I. 
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For Models I and IIA, the marginal rate of return on operating capi­
tal becomes equal in year five and remains equal for all of the fol­
lowing years and for investment capital the marginal rates of re­
turn become equal in year three and continue to be equal for all 
remaining years. While the marginal rates of return on capital for 
Model IIB approach the rates of return for the other two models, they 
never become exactly equal though are nearly so for the last three 
years. 
While the obvious result of limiting the amount of capital avail­
able in year one is to reduce the rate at which growth can take place 
within the farm firm, there are some relative changes which take place. 
As capital becomes more limiting and particularly in the early years, 
the relative emphasis on growth is towards renting additional land and 
away from expanding the physical facilities for swine production. 
Renting land requires investment capital only for the additional mach­
inery required to farm the land while expanding the swine facilities 
requires relatively large amounts of investment capital. In the later 
years, as more investment capital becomes available from internally 
generated capital and an enlarged borrowing base, a larger proportion 
is used to expand the physical facilities for swine production. 
Another change which takes place in the more capital limiting 
models is a slight but consistent reduction in the reduced costs for 
those activities which do not enter the final solutions. These re­
ductions in reduced costs are most pronounced in the early years 
when capital is most limiting and operator labor is still available 
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for use in some of the labor periods. These reductions in reduced 
costs imply that the mix of production activities is somewhat less 
critical in a minimum capital situation with free operator labor 
available. The reduction in net income caused by selecting the wrong 
production activity or activities is less during the early years of 
the capital limiting models than for Model I. 
One of the conclusions which must be reached when comparing the 
results of the three models is that there is an optimum mix of pro­
duction and expansion activities which puts the growing farm firm on 
the optimum growth path. Reducing the amount of capital available at 
the beginning of year one causes a reduction in the rate at which the 
farm firm can expand along the growth path. Another result is a delay 
in attaining the optimum mix of production and expansion activities to 
put the farm firm on the growth path. For Model IIA, it takes until 
approximately the third year to reach the optimal growth path and for 
Model IIB it takes until approximately the fifth year. Once the 
growth path is reached, shadow prices, reduced costs and the marginal 
rate of return on capital equalize for all three models irrespective 
of the position on the growth path and the rate of progression along it. 
Models IIA and IIB give results indicating that there should be 
different strategies employed under varying capital restrictions in 
order to reach the growth path as quickly as possible. Once the 
growth path is reached, there is an optimal combination of production 
activities, land renting, expansion of swine facilities and hiring of 
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full-time labor to keep the growing farm firm on the growth path. 
Regardless of the position along the growth path and the rate at 
which advancement is being made along it, shadow prices, reduced 
costs and the marginal rate of return on capital will be equal pro­
vided the length of the planning period is also equal. 
Model III - Interest 
The interest rates used in Model I were 6% for borrowed capital, 
6%% on land purchase contracts and TU for farm real estate mortgages. 
During the past several years, interest rates charged to farm borrowers 
have been higher than these figures and one of the objectives of this 
study was to determine the effects of higher interest rates on farm firm 
growth rates and growth strategies. Economic theory indicates there 
should be a relative shift away from the use of the higher priced input 
and toward the use of more of the now relatively lower priced inputs. 
While the structure of the model does not allow for such a shift for 
any single production activity, it is possible for a relative change 
to take place in the total input mix for the farm firm. Switching from 
the more capital intensive production and expansion activities in the 
model to some of the relatively more labor intensive activities would 
cause a change in the total input mix. 
Model IIIA adds 1%% to all interest rates. This makes the inter­
est rate on borrowed capital 7%%, increases the interest rate on land 
purchase contracts to 8% and on the real estate mortgage to 8%%. 
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Model IIIB adds 3% to the interest rates used in Model I. The inter­
est rate on borrowed capital now becomes 9%, on land purchase con­
tracts 9%, and on real estate mortgages 10%. 
The first effect of increasing interest rates shows up in the 
value of the objective function. Larger interest payments require cap­
ital that could otherwise be used for production and expansion activi­
ties resulting in a reduced scale of activities and lower objective 
function values. Model I, the basic model, has an objective function 
value of $215,777.00. Increasing the interest rate causes the objec­
tive function for Model IIIA to decline to $209,855.00 while the ob­
jective function value for Model IIIB declines further to $204,138.00. 
Each of these successive reductions is just over 2.7%. 
Crop activities 
Increasing the cost of capital causes no large changes in the 
crop mix as shown in Table 20. There is a slight reduction in the 
scale of the crop activities because fewer acres are farmed in the high-
interest models. In year one, the high-interest models show a slight 
relative shift to corn production. Because of the basically corn-soy-
bean rotation set up by the model, this emphasis on corn production 
causes a similar emphasis in years three and five. Correspondingly, 
there is a slight emphasis on soybean production by the high-interest 
models compared with Model I in years two, four and six with this em­
phasis also continued through years seven and eight. Oat acreage is 
increased slightly by Models IIIA and IIIB over Model I during years 
Table 20. Comparison of crop activities for Model I with Models IIIA 
and IIIB* 
Total Total Total % of total °L of total 
Year corn soybeans oats cropland cropland 
(acres) (acres) (acres) in corn in soybeans 
298.2 224.1 49.3 51.5% 38.7% 
1 301.5 222.6 49.9 51.9% 38.3% 
304.8 221.1 50.5 52.2% 37.9% 
244.2 310.1 43.0 40.5% 51.4% 
2 241.4 312.2 43.7 40.1% 51.8% 
238.6 314.3 44.3 39.6% 52.2% 
290.2 306.1 42.3 45.0% 47.5% 
3 291.6 303.5 42.5 45.3% 47.1% 
293.0 300.8 42.7 45.6% 46.8% 
328.2 326.6 56.8 45.7% 45.4% 
4 323.8 326.5 56.9 45.3% 45.7% 
319.8 326.5 57.1 45.0% 46.0% 
287.9 397.5 58.9 38.2% 52.8% 
5 287.4 392.7 58.5 38.5% 52.6% 
286.8 388.0 58.2 38.7% 52.3% 
437.5 343.8 75.3 50.5% 39.7% 
6 430.9 341.2 74.6 50.3% 39.9% 
424.4 338.7 74.1 50.2% 40.0% 
328.1 488.4 88.4 35.8% 53.3% 
7 317.3 484.5 85.9 35.3% 53.9% 
306.9 480.7 83.5 34.8 54.5% 
738.2 366.9 — «, 66.1% 32.9% 
8 711.9 363.8 — — 65.5% 33.5% 
686.7 360.7 — — 64.9% 34.1% 
&Top figure in each group i^ -Model I, middle figure is Model IIIA 
and lower figure Model IIIB. 
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one through four. The relative increased emphasis on oat produc­
tion would be somewhat more than the absolute amount shown as the 
total acreage farmed by the high-interest models is less than in 
Model I. 
The reduced costs for the crop activities not in the final solu­
tion to the three models also show only small changes from model to 
model. Corn following corn on both owned and rented land has the 
highest capital requirement per acre of all the crop activities and 
shows higher reduced costs as capital becomes higher priced. This 
result would be expected but it only holds true for the first six 
years of Models IIIA and IIIB with the seventh year showing slight 
reductions in the reduced costs. The other activities not in the fi­
nal solutions, which tend to be those with smaller per acre capital 
requirements than those in the solutions, show declining reduced 
costs as the interest rate increases. This indicates a slight rel­
ative advantage to the crop activities requiring the smaller amounts of 
capital per acre as the price of capital increases. However, these 
relative advantages are not significant enough to cause any changes in 
the crop activities which enter the final solution to the three mod­
els. The only difference is in the scale of the activities because of 
the reduction in the total number of acres farmed as the interest rate 
becomes higher. 
Livestock activities 
Increasing the interest rate on capital causes no change in the 
livestock activities entering the optimal solution except to cause a 
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slight reduction in the level at which several of these activities are 
carried out. As shown in Table 21, the swine activities in the first 
year are exactly the same for all three models. Swine activity three 
is utilized to the limit of the open front finishing building which is 
available and activities four and six are utilized to the limit of the 
portable hog buildings assumed to exist at the beginning of year one. 
Beef activity one in the first year, which is feeding steer calves us­
ing beef technology one, enters all three solutions in the first year 
but at a slightly reduced scale because some of the capital which could 
have been used in production or expansion activities must now go to pay 
the higher interest cost. 
Beginning with the second year, swine activities four and six are 
eliminated from the solution while swine activity three remains con­
stant at forty litters per year for all three models. The farrowing 
of forty litters per year under swine activity three utilizes to capac­
ity the swine finishing facilities existing on the farm at the begin­
ning of year one. Beginning in year two, swine activity one begins to 
be utilized and the growth in the swine enterprise takes place through 
increasing the number of litters farrowed utilizing this activity. 
With the higher interest costs, swine production cannot be expanded as 
rapidly as in Model I. In the eighth and final year. Model I calls 
for producing 227.0 litters of hogs while Model IIA farrows 220.9 lit­
ters and Model IIIB farrows 215.0 litters. 
None of the cattle feeding activities enter any of the solutions 
after the first year. 
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Table 21. Comparison of livestock activities for Model I with 
Models IIIA and IIIB® 
Swine litters Beef 
Activ- Activ- Activ- Activ- Total Activ-
Year ity ity ity ity lit- ity 
1 3 4 6 ters 1 
40.0 10.0 10.0 60.0 45.2 
1 — 40.0 10.0 10.0 60.0 44.0 
40.0 10.0 10.0 60.0 42.8 
69.6 40.0 — -- 109.6 --
2 68.5 40.0 — — 108.5 
67.3 40.0 — — 107.3 
87.9 40.0 — — 127.9 
3 85.7 40.0 — — 125.7 
83.6 40.0 -- -- 123.6 --
106.6 40.0 -- -- 146.6 --
4 103.8 40.0 -- — 143.8 — 
101.1 40.0 — — 141.1 
135.1 40.0 — — 175.1 
5 130.9 40.0 — — 170.9 
126.9 40.0 — — 166.9 
150.2 40.0 -- -- 190.2 
6 145.1 40.0 — — 185.1 
140.1 40.0 -- -- 180.1 --
187.0 40,0 -- -- 227.0 --
7 180.9 40.0 — — 220.9 — 
175.0 40.0 — — 215.0 
187.0 40.0 — — 227.0 
8 180.9 40.0 — — 220.9 
175.0 40.0 — -- 215.0 
^Top figure in each group is Model I, middle figure is Model IIIA 
and lower figure is Model IIIB. 
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The livestock activities entering the final solutions to Models 
I, I1IÂ and III6 are the same and the reduced costs for the activities 
not in the final solution indicate that some change other than increas­
ing the rate of interest would be needed to change the mix of livestock 
activities entering the solutions. Reduced costs for the livestock 
activities in year one show rather mixed changes but for year two and 
the following years what small changes occur show a consistent pattern. 
The swine activities not in the final solution have reduced costs 
which decrease slightly as the interest rate becomes higher and high­
er. As an example, swine activity two in the fourth year has a re­
duced cost of $12.23 for Model I, $10.83 for Model IIIA and $9.48 for 
Model IIIB. The other swine activities show similar relative changes 
in the reduced costs. After year two, all beef activities except 
eight, nine and ten show slightly increasing reduced costs as interests 
become higher and higher. As an example, beef activity one in the 
fourth year has a reduced cost of $9.45 for Model I, $10.55 for Model 
IIIA and $11.61 for Model IIIB. Beef activities use more capital rel­
ative to the net income generated than do the swine activities which 
causes the reduced cost to become higher as the interest rate in­
creases. 
Labor activities 
The amount of full-time labor hired as the interest rate becomes 
higher is less than the amount hired in Model I. There is very little 
difference in the early years but the difference becomes wider as time 
passes until there is a difference of 348.7 hours in the eighth year. 
167 
The solution to Model I calls for hiring slightly more than the equiv­
alent of one full-time hired man in year seven while the full-time 
labor hiring activity in Models IIIA and IIIB does not exceed the 
equivalent of one full-time hired man until the eighth year. The 
reduction in the full-time labor hired in the higher interest models 
is a direct result of the reduced scale of production activities in 
these models. 
There is no change in the amount of part-time labor hired in the 
fall and spring time periods when comparing Model I with Models IIIA 
and IIIB. A limit of 250 hours of part-time labor in each of the time 
periods is part of all three models and this maximum amount of labor 
is hired in the solution to all three models in all years with the ex­
ception of part-time fall labor in the first year. 
The higher interest models show slightly more labor unused during 
the winter period than does Model I for the first four years. This 
small difference is due to the slight relative emphasis on renting land 
instead of expanding the swine facilities during the first few years of 
the higher interest models. The crop activities do not require any 
winter labor while the swine activities do. For years five through 
eight the unused labor during the winter time period for the higher 
interest models is less than in Model I. In these years, the crop and 
swine production activities in the higher interest models are nearly 
equal in proportion to the mix of these activities in Model I but the 
scale of production and labor hiring is less. 
The shadow prices for the various labor restrictions show a 
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Table 22. Comparison of labor activities of Model I with Models 
IIIA and IIIB* 
Labor hired (hours) Slack labor (hours) 
Part- Part- Period 2 Period 4 
Year Full time time (winter) (summer) 
time (fall) (spring) 
396.4 — — 250.0 285.3 
1 395.3 — — 250.0 288.4 
394.2 - - 250.0 291.5 
581.5 250.0 250.0 309.4 
2 578.5 250.0 250.0 312.9 
575.6 250.0 250.0 316.5 
814.7 250.0 250.0 306.1 
3 789.1 250.0 250.0 307.2 
763.7 250.0 250.0 308.2 
1,289.6 250.0 250.0 371.6 
4 1,256.1 250.0 250.0 372.6 
1,223.3 250.0 250.0 373.5 
1,727.9 250.0 250.0 388.3 
5 1,667.6 250.0 250.0 387.0 
1,608.5 250.0 250.0 385.6 
2,158.3 250.0 250.0 454.7 
6 2,082.2 250.0 250.0 452.4 
2,007.9 250.0 250.0 450.2 
2,905.2 250.0 250.0 528.9 — —  
7 2,787.1 250.0 250.0 518.2 —  —  
2,672.2 250.0 250.0 507.7 --
3,679.7 250.0 250.0 739.0 259.9 
8 3,452.5 250.0 250.0 711.2 248.1 
3,281.0 250.0 250.0 684.3 236.7 
^Top figure in each group is Model I, middle figure is Model 
IIIA and lower figure Model IIIB. 
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distinct trend as the interest rate increases when comparing the high­
er interest models with Model I. Labor in the fall time period has a 
shadow price which increases in all years as the interest rate becomes 
higher and the shadow price for labor during the spring time period 
declines in all years as the interest rate becomes higher. As an ex­
ample, fall labor in the second year has a shadow price of $6.64 for 
Model I, $7.01 for Model IIIÀ, and $7.37 for Model IIIB. Spring labor 
in the second year has shadow prices of $7.10, $6.16 and $5.15 for 
Models I, IIIA and IIIB, respectfully. These same approximate relative 
changes take place in the shadow prices for fall and spring labor in 
all other years. 
Similar changes in the shadow prices on the part-time labor hir­
ing restrictions also occur. Shadow prices for the hiring restric­
tion on part-time fall labor shows increasing values as the interest 
rate becomes higher and the shadow prices on the hiring restriction for 
part-time spring labor decline as the interest rates increase. These 
relative changes occur in every year of the models. 
Expansion activities 
The expansion activities for Models IIIA and IIIB are the same as 
those entering the solution for Model I. Increasing the interest rate 
had no affect on the general direction in which growth took place but 
resulted primarily in a slowing of the rate at which additional produc­
tive resources could be acquired. As shown in Table 23, the higher in­
terest models call for renting slightly more land in the first year 
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Table 23. Comparison of expansion activities of Model I with 
Models IIIA and IIIB* 
Swine 
Land Machinery farrowing Swine 
Year rented purchased capacity technology 4 
(acres) (acre units) (stalls) (head capacity) 
289.1 289.1 12.4 174.0 
1 291.6 291.6 12.1 171.2 
294.1 294.1 11.8 168.3 
25.5 25.5 4.6 45.8 
2 22.8 22.8 4.3 43.2 
20.2 20.2 4.1 40.6 
44.5 44.5 4.7 46.7 
3 43.3 43.3 4.5 45.3 
42.2 42.2 4.4 43.9 
77.5 77.5 7.1 71.3 
4 74.4 74.4 6.8 67.8 
71.4 71.4 6.4 64.4 
36.1 36.1 3.8 37.8 
5 34.3 34.3 3.5 35.4 
32.5 32.5 3.3 33.1 
118.9 118.9 9.2 92.0 
6 114.6 114.6 9.0 89.6 
110.4 110.4 8.7 87.3 
52.9 52.9 w m» 
7 45.1 45.1 — — —-
37.5 37.5 - - --
210.8 210.8 mm «V wm 
8 197.9 197.9 — — — — 
185.5 185.5 - -
855.3 855.3 41.8 467.6 
Totals 824.0 824.0 40.2 452.5 
793.8 793.8 38.7 437.6 
T^op figure in each group is Model I, middle figure is Model IIIA 
and lower figure Model IIIB. 
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than does Model I. A corresponding increase in the amount of machin­
ery purchased also occurs in Models IIIA and IIIB. After the first 
year, less land is rented each year as the interest rate is increased. 
Model I rents a total of 855.3 acres during the eight years covered in 
the planning period while Model IIIA calls for renting 824.0 acres 
and Model IIIB 793.8 acres. 
Both swine farrowing capacity and the construction of total con­
finement feeding facilities under swine technology four decrease each 
year as the interest rate is increased. In Model I, 41.8 farrowing 
stalls are added while Model IIIA adds 40,2 farrowing stalls and Model 
IIIB adds 38.7 farrowing stalls. Swine finishing capacity in the total 
confinement building totals 467.5 head for Model IIIA and 437.6 head 
for Model IIIB compared to 467.6 head for Model I in year eight. 
Even though more land is rented during the first year by the high­
er interest models than by Model I, this relative shift towards rented 
land does not continue through the remaining years. When comparing the 
total expansion in rented land with expansion in swine production capac­
ity for the eight years, the relative reductions in the two are about 
equal when the higher interest models are compared with Model I. Com­
paring Model IIIB with Model I there is a 7.2% reduction in the amount 
of land rented, a 7.4% reduction in the number of farrowing stalls add­
ed and a 6.4% reduction in the construction of finishing capacity in the 
total confinement swine building. 
The reduced costs for the expansion activities not included in the 
optimum solutions show some consistent changes when the higher interest 
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models are compared with Model I. As the interest rate increases, 
the reduced costs for the land purchase activities increase sub­
stantially as would be expected since interest costs are a large 
part of the expenses incurred in purchasing land. In the fourth 
year for example, the reduced costs on purchasing land with a 
mortgage increases from $52.40 for Model I to $71.00 for Model IIIA 
to $89.41 for Model IIIB. Similar relative increases occur in each 
year and also for land purchased with a contract. 
Expansion of the swine facilities under technology four is the 
most capital intensive technology. The remaining three swine tech­
nologies, which are less capital intensive, show small decreases in 
the reduced costs as the interest rate is increased. This means that 
producing hogs under these less capital intensive technologies would 
cause smaller reductions in the objective function as the interest 
rate becomes higher and higher. All three beef expansion activities 
show increasing reduced costs as the interest rate is increased be­
cause of the relatively high capital requirement for these activities 
to generate net income when compared to the swine activities. 
Financial activities 
In general, higher interest rates cause a decline in the financial 
activities as indicated in Table 24. Column one shows that the amount 
of capital borrowed in each year is less in the higher interest models 
than in Model I. More of the internally generated capital must go to 
pay interest leaving less to spend on increasing physical resources 
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Table 24. Comparison of financial activities of Model I with 
Models IIIA and IIIB^  (to nearest dollar) 
Capital Fixed Taxes Family 
Year borrowed costs paid paid consumption 
$28,243 $10,718 $ 496 $ 4,496 
1 $28,161 $10,742 $ 472 $ 4,472 
$28,080 $10,766 $ 447 $ 4,447 
$31,261 $11,886 $3,882 $ 7,882 
2 $31,095 $11,867 $3,789 $ 7,789 
$30,930 $11,848 $3,696 $ 7,696 
$35,281 $12,601 $3,925 $ 7,925 
3 $34,932 $12,555 $3,768 $ 7,768 
$34,585 $12,509 $3,613 $ 7,613 
$40,426 $13,644 $4,407 $ 8,407 
4 $39,896 $13,559 $4,255 $ 8,255 
$39,373 $13,475 $4,106 $ 8,106 
$45,611 $14,435 $5,138 $ 9,138 
5 $44,824 $14,310 $4,914 $ 8,914 
$44,051 $14,188 $4,695 $ 8,695 
$51,598 $15,826 $4,933 $ 8,933 
6 $50,537 $15,645 $4,701 $ 8,701 
$49,500 $15,468 $4,478 $ 8,478 
$58,490 $16,907 $6,375 $10,375 
7 $57,040 $16,635 $6,107 $10,107 
$55,628 $16,370 $5,849 $ 9,849 
$65,343 $18,963 $3,591 $ 7,591 
8 $63,472 $18,565 $3,407 $ 7,407 
$61,658 $18,179 $3,230 $ 7,230 
^Top figure in each group is Model I, middle figure is Model IIIA 
and lower figure Model IIIB. 
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which results in a smaller borrowing capacity. In the eighth year, 
the amount of capital borrowed in Model I is $65,343.00 which declines 
to $63,472.00 for Model IIIA and declines further to $61,658.00 for 
Model IIIB. This reduced borrowing capacity with higher interest rates 
is the main contributing factor to the smaller growth rate for Models 
IIIA and IIIB. 
In year one, the higher interest models have slightly more accumu­
lated fixed costs than Model I. This is a result of the slight increase 
in the amount of machinery purchased to farm the additional rented land 
and the depreciation on this machinery which is charged to fixed costs 
beginning in the year of purchase. For all years after the first, fixed 
costs for the higher interest models are less than for Model I be­
cause of the slower rate of asset accumulation in these models. 
The slower rate of asset accumulation in Models IIIA and IIIB 
causes the scale of production activities to be smaller with a corres­
ponding decrease in the amount of net income generated. With smaller 
net incomes, the income and social security taxes paid and the family 
consumption declines as shown in columns three and four of Table 24. 
The taxes paid by Model I reach a high of $6,375.00 in year seven while 
the largest amount paid by Model IIIB is $5,849.00 also in year seven. 
Year seven is also the highest year for family consumption with the 
amount being $10,375.00 for Model I declining to $10,107.00 for Model 
IIIA and to $9,849.00 for Model IIIB. 
175 
Summary and analysis 
Increasing the rate of interest does affect farm firm growth as 
shown by the figures in Table 25. All of the growth indicators includ­
ed in the table decrease as the rate of interest increases. The num­
ber of acres farmed in the eighth year declines from 1,175.3 for Model 
I to 1,144.0 for Model IIIA and to 1,113.8 for Model IIIB. Again, as 
with previous models, all of the decrease is due to less land being 
rented. 
The swine production activities also decline as the interest rate 
increases. Model I reaches a maximum market hog production of 1,703 
head while Model IIIA sells only 1,657 head in the last year. 
Higher interest rates cause a larger drain on the capital flow to 
meet interest payments and less capital is left over to acquire addi­
tional productive resources. This effect of higher interest rates shows 
up in a decline in the value of productive assets owned and in the value 
of productive assets controlled in year eight. The value of owned as­
sets declines from $197,044.00 for Model I to $193,416.00 for Model 
IIIA to $189,921.00 for Model IIIB. The corresponding amounts for the 
value of the assets controlled are $704,694.00, $685,416.00 and 
$666,821.00. 
The growing farm firm is unable to accumulate net worth as rapid­
ly in the high interest models as in Model I. This is again due to the 
inability to acquire physical productive assets at the same rate and to 
maintain the same scale of production activities. Net worth in Model I 
is increased by $117,548.00 while in Model IIIA It is increased by 
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Table 25. Comparison of some growth indicators for Model I and 
Models IIIA and IIIB 
Model I Model IIIA Model IIIB 
Acres farmed 
in year 8 
1,175.3 1,144.0 1,113.8 
Market hogs sold 
in year 8 
1,703 1,657 1,613 
Value of assets owned 
in year 8 
$197,044 $193,416 $189,921 
Value of assets controlled 
in year 8 
$704,694 $685,416 $666,821 
Increase in net worth 
over 8 years 
$117,548 $112,268 $107,201 
$112,268.00 and in Model IIIB by $107,201.00. 
The relative declines in the growth indicators included in Table 
25 are confined to a rather narrow range. The number of acres farmed 
and the number of market hogs sold in the eighth year decline by 5.2% 
and 5.3% respectively. A decline of 5.4% is indicated for the value 
of physical assets controlled in the eighth year. In comparing Model 
IIIB with Model I as was done to obtain the above percentages, a decline 
of 3.6% is found for the value of physical assets owned in the eighth 
year. The largest percentage decrease in any of the growth indicators 
when comparing Model IIIB with Model I is found for the change in net 
worth where the decline amounts to 8.8%. 
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Increasing the cost of capital results in decreases in marginal 
rates of return on capital. Table 26 presents these figures and shows 
that, with the exception of the first year, operating capital has a 
higher marginal rate of return in all years for all three models than 
does investment capital. However, the difference between the marginal 
rate of return on operating capital and on investment capital becomes 
smaller for any given year as the rate of interest increases. This 
is a result of the marginal rate of return on investment capital de­
clining less than the marginal rate of return on operating capital as 
the interest rate is increased. 
The results obtained from Models IIIA and 1116 show that increas­
ing the rate of interest has very little affect on the production activ­
ities, expansion activities and the mix of these activities. Even in­
creasing the rate of interest which must be paid on borrowed capital 
by 30% as was done in Model lllB caused no change in the production or 
expansion activities entering the solution when compared with Model I. 
There was some small relative shifts in the first year towards renting 
more land and a slight change in the crop mix but these shifts did not 
persist in later years. 
The results of these models indicate that the only significant re­
sult of increasing the rate of interest is to slow the growth rate which 
is possible for the farm firm but not the direction of growth nor the 
strategy used to generate growth. Both operating capital and invest­
ment capital have rates of return sufficiently high that increasing the 
cost of capital from 6% to 9% as was done from Model I to Model IIIB 
Table 26. Comparison of estimated marginal rates of return on capital for Model I with 
Models IIIÀ and IIIB 
Operating capital Investment capital 
Year Model I Model IIIA Model IIIB Model I. Model IIIA Model IIIB 
1 22.6% 19.5% 16.5% 26.7% 25.2% 23.8% 
2 31.9% 30.0% 27.4% 25.3% 24.0% 22.7% 
3 30.0% 28.2% 26.5% 24.0% 22.8% 21.6% 
4 27.6% 26.1% 24.5% 22.8% 21.8% 20.7% 
5 25.6% 24.3% 23.0% 21.7% 20.7% 19.8% 
6 23.8% 22.7% 21.6% 20.5% 19.6% 18.7% 
7 21.4% 20.5% 19.5% 19.3% 18.6% 17.9% 
8 19.3% 18.6% 17.9% 
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causes no change in the production or expansion activities selected 
for inclusion in the optimal solution. Higher interest rates cause 
larger amounts of capital to be needed to meet interest payments 
leaving less capital for use in production and expansion activities 
and causing slight decreases in the amount of income and social secur­
ity tax which must be paid and the amount of capital withdrawn from the 
farm firm for family consumption. 
Model"IV - Labor 
One of the factors contributing to the rapidly changing struc­
ture of agriculture in the United States has been the cost of labor. 
The wages paid to farm labor have been increasing in absolute terms 
but probably more important has been the increase in wages relative 
to the cost of capital. Relatively low unemployment rates in the na­
tion during the past decade and wage rates that tend to be higher in 
non-farm employment have caused farm labor to be scarce in addition 
to being relatively high priced. In Daberkow's survey, 92% of the 
respondents indicated farm labor was not available in their local­
ity at current wages (10). These same respondents indicated that it 
would take a 50% increase in the current wage rate to secure good qual­
ity labor. 
Another factor to be considered in the farm labor supply and demand 
is the average farmers reluctance to employ full-time hired labor. 
Daberkow found that 38.7% of his respondents would not hire a full-time 
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employee and 40.6% would hire no more than one full-time employee. 
This internal restraint on farm firm growth could be expected to have a 
marked affect on the direction and rate of growth along with placing a 
maximum size on the farm firm once all current labor-saving technolo­
gies have been utilized. 
Two models were developed to explore the affects of these farm 
labor supply and demand constraints on farm firm growth. Model IVÂ is 
the same as Model I in all respects except for the cost of hired labor. 
In Model IVA, the cost of part-time labor has been increased by $1.00 
per hour or 50% from $2.00 to $3.00 per hour. The cost of full-time 
hired labor has also been increased by $1.00 per hour from $2.15 to 
$3.15. This is the approximate increase that Daberkow's respondents 
indicated would be necessary to hire good farm labor. 
Model IVB places a limit of 2800 hours on the amount of full-time 
labor which can be hired. This is the equivalent of one full-time man. 
Because of the relatively high shadow prices on fall and spring labor 
in earlier models another change was incorporated into Model IVB. The 
limit on part-time hired labor which can be hired in each of the fall 
and spring time periods was increased from 250 hours in each period to 
500 hours. In all other respects. Model IVB is the same as Model I. 
Crop activités 
Table 27 provides a comparison of the crop activities for Model I 
with Models IVÂ and IVB. Two significant changes can be seen when the 
crop activities of Model IVA are compared with those of Model I. 
First, there is a reduction in the scale of crop activities in Model IVA 
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which will become more apparent when the expansion activities for 
Model IVÂ are discussed in a later section. The second change is the 
significant reduction in the number of acres of oats raised, Oats is 
raised on owned land only to the extent necessary to establish the seed­
ing needed for hog pasture. No oats is raised on rented land during 
the first seven years of the model and only 4.3 acres of oats is raised 
on rented land in the eighth year. Whereas in Model I with its lower 
labor cost it was profitable to raise some oats for grain on rented 
land, in Model IVA with the cost of labor increased by approximately 
50%, oats are no longer a profitable alternative for the use of the 
higher priced labor. 
The crop activities for Model IVB show a larger scale of crop ac­
tivities than Model IVA for all years and are larger than the scale of 
crop activities for Model I during the early years. The rate of growth 
of crop activities in Model IVB slows down in the later years so that 
in the eighth year approximately the same number of acres are cropped 
in Models I and IVB. In Model IVB, oats is again of lesser importance 
than in Model I with oats being raised on owned land in years one and 
.two only to the extent necessary to establish seeding for hog pasture 
and no oats raised on rented land. Beginning in year three, oats is 
raised on rented land in Model IVB which is the same year in which the 
restrictions on hiring part-time labor during the fall and spring are 
reached. However, fewer acres of oats is grown on rented land in 
Model IVB than in Model I for years three through seven even though 
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Table 27. Comparison of crop activities for Model I with Models IVA 
and IVB* 
Total Total Total % of total % of total 
Year corn soybeans oats cropland cropland 
(acres) (acres) (acres) in corn in soybeans 
298.2 224.1 49.3 51.5% 38.7% 
1 197.1 201.1 1.9 48.4% 49.4% 
288.9 305.2 -- 48.1% 50.8% 
244.2 310.1 43.0 40.5% 51.4% 
2 198.2 197.1 5.4 48.7% 48.4% 
347.2 334.0 6.0 50.2% 48.3% 
290.2 306.1 42.3 45.0% 47.5% 
3 202.6 204.0 2.8 48.6% 49.0% 
356.5 385.3 21.5 46.3% 50.1% 
328.2 326.6 56.8 45.7% 45.4% 
4 237.0 195.8 6.7 52.9% 43.7% 
414.6 400.3 36.1 48.3% 46.7% 
287.9 397.5 58.9 38.2% 52.8% 
5 204.0 247.0 3.9 43.9% 53.2% 
384.0 477.3 45.1 42.0% 52.2% 
437.5 343.8 75.3 50.5% 39.7% 
6 261.2 206.6 8.5 53.6% 42.4% 
471.2 394.8 60.4 50.3% 42.2% 
328.1 488.4 88.4 35.8% 53.3% 
7 209.4 261.2 3.9 43.0% 53.6% 
358.9 522.1 43.4 38.3% 55.7% 
738.2 366.9 » Mi 66.1% 32.9% 
8 346.1 292.8 4.3 52.8% 44.7% 
592.0 442.7 58.8 53.5% 40.0% 
®Top figure in each group is Model I, middle figure is Model IVA 
and lower figure Model IVB. 
183 
more total land is being cropped. This changes in the eighth year when 
58.8 acres of oats is raised on rented land by Model IVB while no oats 
is raised in Model I. The eighth year is also the year when Model IVB 
reaches the restriction placed on the amount of full-time labor which 
can be hired. 
While there are some changes in an individual year in the rela­
tive amount of crop land planted to corn and soybeans in the three mod­
els, there is little change when the entire eight years are considered 
together. The average amount of available crop land planted to corn is 
46.7% for Model I, 49.0% for Model IVA, and 47.1% for Model IVB. Cor­
responding percentages for soybeans are 45.2%, 48.1% and 48.3%. These 
figures indicate that increasing the cost of labor or changing the re­
strictions on the amount of labor which can be hired cause little 
change in the optimum mix of corn and soybeans in the cropping program 
over time. 
Corn production in Model I is sufficient to meet the corn require­
ments of the livestock activities in all years and some excess corn is 
sold in years one through seven with production just equaling useage in 
the eighth year. Because of the decrease in the number of acres farmed 
in Model IVÂ and the increased emphasis on swine production, corn must 
be purchased in this model. A total of 42 bushels is purchased in year 
one, 1,259 bushels in year four, 1,120 bushels in year five, 7,079 
bushels in year six, 5,118 bushels in year seven and 10,445 bushels in 
year eight. Model IVB has excess corn production which is sold in 
every year except in year eight when 676 bushels of corn must be 
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purchased to meet the requirements of the swine activities. 
The reduced costs for crop activities not in the optimal solutions 
to the three models confirm the relative unprofitableness of the oat 
raising activities in Models IVA and IVB. For Model IVA the oat rais­
ing activities and the activities where corn or soybeans follow a 
crop of oats show increased reduced costs for all years. These same 
increases occur in Model IVB for the first two years but, after year 
three which is the first year oats is raised on rented land in Model 
IVB, the reduced costs for Model IVB and Model I are comparable. 
The reduced costs on the other crop raising activities show no con­
sistent changes from model to model. 
Livestock activities 
The swine activities in the first year are the same for all three 
models as shown in Table 28. Forty litters are raised utilizing swine 
activity three, ten litters under swine activity four and another ten 
litters under swine activity six. The total of sixty litters complete­
ly utilizes the swine finishing facilities assumed to exist at the be­
ginning of year one. 
Beef activity one enters the solution to all three models in the 
first year but at different levels. A total of 45.2 head of steer 
calves is fed in Model I utilizing the open front shed and feedlot 
which exists at the beginning of year one. Model IVA utilizes the 
feedlot to the extent of 94.1 head of steer calves and Model IVB calls 
for feeding 39.7 head of steer calves in the first year. This beef 
feeding activity does not enter the solution to any of the three models 
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Table 28. Comparison of livestock activities for Model I with 
Models IVA and IVB* 
Swine litters Total Beef 
Activ- Activ- Activ- Activ- Activ- swine Activ-
Year ity ity ity ity ity lit- ity 
1 2 3 4 6 ters 1 
— —  — —  40.0 10. 0 10.0 60.0 45.2 
1 — — — — 40.0 10. 0 10.0 60.0 94.1 
-  - -  - 40.0 10. 0 10.0 60.0 39.7 
69.6 » m» 40.0 _ . » V 109.6 — •» 
2 103.2 — — 25.7 - - — 128.9 - -
54.5 6.4 40.0 — - - 100.9 - -
87.9 40.0 _ . 127.9 — «• 
3 145.9 — —  -  - -- — — 145.9 - -
80.3 -- 40.0 — -  - 120.3 -  -
106.6 40.0 M s 146.6 am w 
4 164.8 — —  — — -- — — 164.8 — — 
98.9 40.0 - - -  - 138.9 --
135.1 ma M 40.0 _ _ w « 175.1 » 
5 191.7 — —  — — -- —  — 191.7 --
127.5 -  - 40.0 -- -  - 167.5 - -
150.2 mm m. 40.0 _ . •M " 190.2 mm • 
6 213.8 — — — — — — — 213.8 - -
162.1 - - 40.0 - - -  - 202.1 --
187.0 — am 40.0 » M 227.0 — m» 
7 248.3 — — — — — 248.3 —— 
204.5 - - 40.0 - - -  - 244.5 --
187.0 m 40.0 227.0 » » 
8 248.3. — — — — -- — — 248.3 
251.2 — - * — -- — — 251.2 
^Top figure in each group is Model I, middle figure is Model IVA 
and lower figure is Model IVB. 
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in any year after the first nor does any other of the beef feeding 
activities. 
After the first year. Model IVA which has labor costs approx­
imately 50% higher than Model I, begins to show two changes in the 
swine activities when compared with Model I. First, the number of 
litters farrowed and raised is higher in Model IVA than in Model I for 
all years. Second, the existing swine finishing facilities used in 
swine activity number three are not utilized to capacity in the second 
year and are not utilized at all in any of the remaining years. From 
years three through eight all swine activities are concentrated in 
swine activity one which utilizes the total confinement system of 
swine finishing and has the lowest labor requirements per litter of 
any of the swine technologies considered. These results indicate that 
as labor becomes higher priced an optimal growth strategy calls for a 
shift towards increased swine production at the expense of other pro­
duction activities and the utilization of the most labor saving swine 
technology available to the extent that existing facilities which have 
higher labor requirements remain idle. 
Model IVB, which restricts the hiring of full-time labor to the 
equivalent of one man but increases the amount of part-time labor which 
can be hired in the fall and spring time periods to 500 hours, calls 
for raising fewer litters during the earlier years than does Model I. 
In the second year. Model IVB raises 100.9 litters compared to 109.6 
for Model I and also differs in that it utilizes swine activity two 
which is a six-litter system for 6.4 of the litters. After the second 
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year. Model IVB continues raising forty litters per year under swine 
activity three while increasing swine production by expanding under 
activity one. In the sixth year, the total number of litters raised 
in Model IVB exceeds the number of litters raised in Model I for the 
first time and continues to be higher for years seven and eight. 
During the eighth year, the limit on the amount of full-time labor 
which can be hired in Model IVB is reached and a shift occurs in the 
swine production in that year. Swine activity number three is no 
longer utilized and all swine production activities take place in 
activity one which is the four-litter system utilizing the total con­
finement finishing facilities. By concentrating the swine production 
in activity one it is possible to farrow and raise more litters with 
the limited amount of labor allowed. 
The reduced costs for the livestock activities not in the optimal 
solution to Models IVA and IVB show no significant or consistent differ­
ences when compared with Model I. 
Labor activities 
Model IVA does not hire any full-time labor until the third year 
as shown in Table 29. After year three, the amount of full-time labor 
hired each year increases slowly reaching a maximum of 1,544.3 hours 
in the eighth year. This is equivalent to 0.55 of a full-time man. 
Part-time fall labor is hired by Model IVA in the maximum allow­
able amount in year two and all subsequent years. The hiring pattern 
on part-time spring labor in Model IVA varies considerably being at 
188 
Table 29. Comparison of labor activities for Model I with Models 
IVA and IVB» 
Labor hired (hours) Slack labor (hours) 
Part- Part-
Year Full- time time Period 2 Period 4 
time (fall) (spring) (winter) (summer) 
396.4 — — 250.0 285.3 - -
1 — — 135.2 250.0 31.8 - -
-- 97.9 438.8 185.9 24.3 
581.5 250.0 250.0 309.4 
2 — — 250.0 148.7 84.3 — — 
129.1 484.3 500.0 214.8 - -
814.7 250.0 250.0 306.1 • w 
3 77.8 150.0 157.2 73.9 - — 
656.9 500.0 500.0 290.0 --
1,289.6 250.0 250.0 371.6 
4 359.4 250.0 142.9 82.6 — — 
1,142.1 500.0 500.0 358.5 - -
1,727.9 250.0 250.0 388.3 a> «m 
5 687.0 250.0 146.4 73.4 — — 
1,692.0 500.0 500.0 407.3 - -
2,158.3 250.0 250.0 454.7 •> M 
6 976.6 250.0 98.3 71.9 — — 
2,218.4 500.0 376,4 426.3 - -
2,905.3 250.0 250.0 528.9 ## 
7 1,355.0 250.0 88.0 48.1 — — 
2,594.8 500.0 427.0 371.2 - -
3,629.7 250.0 250.0 739.0 259.9 
8 1,544.3 250.0 250.0 103.0 - -
2,800.0 500.0 500.0 455.9 - -
*Top figure in each group is Model I, middle figure is Model IVA 
and lower figure in Model IVB. 
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the limit of 250 hours in years one and eight and varying between 88 
hours and 157.2 hours in the remaining years. 
Model IVB, which restricts the amount of full-time labor which 
can be hired to one full-time man equivalent but allows the amount of 
part-time labor which can be hired in the fall and spring time peri­
ods to increase to 500 hours, shows that considerable use can be made 
of the extra part-time labor which can be hired. A total of 484.3 
hours of part-time fall labor is hired in the second year and the max­
imum of 500 hours is hired in each year thereafter. Part-time spring 
labor is hired by Model IVB to the maximum in years two, three, four, 
five and eight and in years one, six and seven somewhat less than the 
maximum allowable amount of spring part-time labor is hired. 
Model IVB hires some full-time labor in the second year with 
the amount increasing each year thereafter. However, the maximum 
allowable amount of 2800 hours is not reached until the eighth and 
final year of the model. 
All three models have unused labor during the winter time period 
in all years. However, Model IVA utilizes a much higher proportion 
of the total winter labor available than do the other two models. This 
is explained by the relative emphasis on swine production in Model IVA 
at the expense of crop production. The swine activities are a rela­
tively heavy user of winter labor while the crop activities have no 
labor requirements during the winter time period. Models IVA and IVB 
are also able to completely utilize the available labor in the summer 
time period in year eight whereas Model I has 259.9 hours of slack 
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labor during the summer of year eight. 
When compared with Model I, Model IVA has a higher shadow 
price on fall labor in all years and a lower shadow price on spring la­
bor in all years except the eighth year. Shadow prices on labor in 
Model IVB for fall and spring labor show no consistent difference from 
Model I until the fifth year. For years five through eight the shadow 
price on fall labor in Model IVB is higher than in Model I and the 
shadow price on spring labor is lower. 
Both Models IVA and IVB have a higher shadow price on summer la­
bor than Model I for all years after the first. Both of these models 
emphasize swine production more than Model I and the swine activities 
are a relatively higher user of summer labor than crop activities. 
Expansion activities 
Some significant changes take place in the expansion activities 
when Model IVA and IVB are compared with Model I as is done in Table 
30. Model IVA has an optimal solution calling for considerably less 
land renting in the first year when compared with Model I, no land 
renting in years two and seven and less than Model I in all other 
years. In total. Model IVA rents 370.1 acres of additional land dur­
ing the eight years of the model compared with 855.3 acres for Model I. 
Model IVA rents only 43% as much land during the eight years as does 
Model I. 
While Model IVA with its higher priced labor has an optimal 
growth path calling for a relative decrease in the amount of land rent­
ed, an increase in the construction of physical facilities for swine 
Table 30. Comparison of expansion activities for Model I with 
Models IVA and IVB* 
Swine 
Land Machinery farrowing Swine 
Year rented 
(acres) 
purchased 
(acre units) 
capacity 
(stalls) 
technology 4 
(head capacity) 
289.1 289.1 12.4 174.0 
1 108.5 108.5 17.2 257.9 
312.7 312.7 9.7 152.0 
25.5 25.5 4.6 45.8 
2 - - — - 4.3 106.9 
96.1 96.1 5.4 48.6 
44.5 44.5 4.7 46.7 
3 10.1 10.1 4.7 47.1 
81.1 81.1 4.7 46.7 
77.5 77.5 7.1 71.3 
4 32.7 32.7 6.7 67.3 
93.3 93.3 7.1 71.4 
36.1 36,1 3.8 37.8 
5 17.7 17.7 5.5 55.3 
59.5 59.5 8.6 86.4 
118.9 118.9 9.2 92.0 
6 23.5 23.5 8.6 86.2 
23.0 23.0 10.6 106.1 
7 
52.9 52.9 --
/ 
- - 1.7 116.8 
210.8 210.8 » «m tm » 
8 177.6 177.6 — — - -
178.4 178.4 — - --
855.3 855.3 41.8 467.6 
Totals 370.1 370.1 47.0 620.7 
844.1 844.1 47.8 628.0 
®Top figure in each group is Model I, middle figure is Model IVA 
and lower figure Model IVB. 
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production occurs. The solution to Model IVA calls for building 17.2 
farrowing stalls in year one compared with 12.4 for Model I. Over the 
eight years of the model, 47.0 additional farrowing stalls are added 
to the farrowing capacity by Model IVA compared with 41.8 stalls for 
Model I. As with Model I, all expansion in swine finishing facilities 
in Model IVA is in the total confinement finishing building with a ca­
pacity of 620.7 head built over the eight years by Model IVA compared 
with 467.6 head for Model I. 
Model IVB emphasizes land renting during the early years of the 
model. The optimal solution to Model IVB calls for renting more land 
than Model I during the first five years, less in the sixth year, none 
in year seven and slightly less than Model I in the eighth year. This 
shift in the fifth year corresponds to the year in which the maximum 
allowable amount of part-time labor in the fall and spring time periods 
is reached and growth through renting of additional land slows down 
after this point. In total. Model IVB rents almost as much land as 
Model I with 844.1 acres compared to 855.3 acres for Model I. 
With the extra land rented during the first year. Model IVB is un­
able to construct as many new swine facilities as Model I with only 9.7 
farrowing stalls added compared to 12.4. The total swine facilities 
constructed during the first four years of the model is about equal but 
in years five, six and seven Model IVB constructs more swine facilities 
than Model I. The result is a total increase in farrowing stalls of 
47.8 for Model IVB compared with 41.8 for Model I. There is a rather 
large increase in the swine finishing facilities constructed by 
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Model IVB in the seventh year in order to maintain the total swine 
production as the shift is made to finishing all market hogs in the 
total confinement building. Hog finishing facilities with a capacity 
of 628.0 head are constructed over the eight years by Model IVB com­
pared to a 467.6 head capacity building by Model I. 
Financial activities 
Increasing the cost of labor by approximately 50% as was done in 
Model IVA causes several changes to take place in the financial activi­
ties which are incorporated into the model. As shown in Table 31, Model 
IVA does not borrow as much capital in any year as Model I. With more 
of the operating capital needed to pay for the increased cost of labor, 
less capital is available for expansion purposes and the borrowing base 
does not grow as rapidly as in Model I. Because expansion of physical 
assets occurs at a slower rate in Model IVA than in Model I, the fixed 
costs which must be met in each year are lower also. 
The tax payments made by Model IVA in the first year total 
$1,680.00 compared to $496.00 in Model I. Model IVA purchases consider­
ably less machinery in year one than does Model I and therefore has less 
machinery depreciation to deduct from taxable income. This same situa­
tion occurs in years three and eight where Model IVA again pays more in­
come tax than Model I. In all other years and in total over the eight 
years. Model IVA pays less income tax than Model I. Family consumption 
shows a similar pattern when compared to Model I because the marginal 
consumption is computed on a net return which fluctuates in the same 
manner as taxable income. Total family consumption is more stable in 
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Table 31. Comparison of financial activities for Model I with 
Models IVA and IVB® (to nearest dollar) 
Capital Fixed Taxes Family 
Year borrowed costs paid consumption 
1 
$28,242 
$25,606 
$28,267 
$10,718 
$ 8,957 
$10,948 
$ 496 
$1,680 
$ 4,496 
$ 5,680 
$ 4,000 
2 
$31,261 
$28,213 
$32,964 
$11,886 
$10,286 
$12,655 
$3,882 
$3,831 
$3,445 
$ 7,882 
$ 7,831 
$ 7,445 
3 
$35,281 
$32,624 
$38,457 
$12,601 
$10,849 
$13,759 
$3,925 
$3,978 
$4,212 
$ 7,925 
$ 7,978 
$ 8,212 
4 
$40,426 
$36,335 
$44,115 
$13,644 
$11,457 
$14,956 
$4,407 
$4,069 
$4,638 
$ 8,407 
$ 8,069 
$ 8,638 
5 
$45,611 
$40,697 
$50,069 
$14,435 
$12,044 
$15,976 
$5,138 
$4,699 
$5,466 
$ 9,138 
$ 8,699 
$ 9,466 
6 
$51,598 
$44,569 
$55,677 
$15,826 
$12,613 
$16,732 
$4,933 
$4,699 
$6,398 
$ 8,933 
$ 8,699 
$10,398 
7 
$58,490 
$49,419 
$61,645 
$16,907 
$13,143 
$17,385 
$6,375 
$5,609 
$7,083 
$10,375 
$ 9,609 
$11,083 
8 
$65,343 
$55,192 
$71,010 
$18,963 
$14,875 
$19,542 
$3,591 
$3,814 
$5,952 
$ 7,591 
$ 7,814 
$ 9,952 
®Top figure in each group is Model I, middle figure is Model IVA 
and lower figure Model IVB. 
195 
Model IVA than in Model I with somewhat higher consumption in years one, 
three and eight but lower consumption in the remaining years. 
Increasing the amount of part-time labor which can be hired in 
the fall and spring causes Model IVB to rent more land and construct 
fewer swine facilities in the first year than Model I. As shown in 
Table 31, this allows Model IVB to borrow slightly more capital in year 
one and at the same time increases the fixed costs which must be met in 
year one. This Increase in borrowing capacity and fixed costs contin­
ues through all eight years in the model with Model IVB borrowing 
$71,010.00 in the eighth year compared with $65,343.00 for Model I. 
Fixed costs do not increase quite as rapidly with Model IVB having 
$19,542.00 in fixed costs to be met in the eighth year compared with 
$18,963.00 for Model I. 
Because of the additional machinery purchased by Model IVB in 
year one and the additional machinery depreciation which can be deduct­
ed from taxable income. Model IVB is not required to pay any income tax 
in the first year. In the second year, slightly less income tax is 
paid by Model IVB than Model I but in all remaining years Model IVB 
has higher income tax payments. Family consumption is at the minimum 
allowable level of $4,000.00 in year one because the additional mach­
inery depreciation decreases net returns to the point where there is 
no marginal consumption. In the second year, family consumption in 
Model IVB is slightly less than in Model I but in all remaining years 
it is higher reaching a maximum of $11,083.00 in the seventh year. 
Total consumption is $4,448.00 higher in Model IVB than in Model I 
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over the eight year period. 
Summary and analysis 
Table 32 shows a comparison of some possible growth indicators 
for Models I, IVA and IVB. Looking first at the results for Model IVA 
and comparing them with the same results for Model I, we see that the 
value of the objective function has declined from $215,777.00 to 
$201,707.00. Increasing the cost of labor by 50% has caused a 6%% 
decline in the value of the objective function. It is interesting to 
note that increasing the cost of labor by 50% causes a larger reduc­
tion in the value of the objective function than does increasing the 
cost of capital by 50%. The value of the objective function for Model 
IIIB was $204,138.00 compared with $201,707.00 for Model IVA. 
There is a substantial reduction in the number of acres farmed in 
Model IVA when compared to Model I. During the eighth year, Model I 
farms a total of 1,175.3 acres compared with 690.1 acres for Model IVA. 
The number of market hogs sold increases from 1,703 for Model I to 
1,862 for Model IVA, an increase of 159 head or 21.2 litters. While 
the increase in the number of hogs produced in Model IVA is not large, 
the relative importance of hogs in this model is much greater because 
of the large reduction in the number of acres farmed. 
Model IVA is unable to purchase or gain control of physical pro­
ductive resources at a rate comparable to Model I because of the in­
crease in the cost of labor. The value of the assets owned in the 
eighth year decreases from $197,044.00 for Model I to $176,143.00 for 
Model IVA or a decline of 10.6%. A sharper reduction occurs in the 
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Table 32. Comparison of some growth indicators for Model I with 
Models IVA and IVB. 
Model I Model IVA Model IVB 
Objective function 
(discounted net return) 
$215,777 $201,707 $224,177 
Acres farmed in 
8th year 
1,175. 3 690.1 1,164. 
Market hogs sold in 
8th year 
1,703 1,862 1,884 
Value of assets owned in 
8th year 
$197,044 $176,143 $207,737 
Value of assets controlled 
in 8th year 
$704,693 $441,193 $709,787 
Increase in net worth over 
8 years 
$117,548 $ 94,644 $121,703 
value of assets controlled in the eighth year because considerably 
fewer acres are rented in Model IVA. The decline here is 37.4% from 
$704,693.00 to $441,193.00. Model IVA also accumulates net worth at a 
slower rate with the increase amounting to $94,644.00 over the eight 
years compared with $117,548.00 for Model I or a decrease of 19.5%. 
Even though Model IVB restricts the hiring of full-time labor to 
the equivalent of one full-time man, allowing additional part-time 
labor to be hired in the fall and spring time periods as this model 
does causes an increase in most of the possible growth indicators. 
Compared with Model I, the value of the objective function increases 
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$8,400.00 to $224,177.00. Model IVB rents 11.2 fewer acres in total 
over the eight years so that only 1,164.1 acres are farmed in the 
eighth year compared with 1,175.3 acres for Model I. 
The decrease in the number of acres farmed is more than com­
pensated for by an increase in swine production so that the total vol­
ume of business in the eighth year is higher in Model IVB than Model 
I. Increased swine production in Model IVB amounts to 24.2 litters 
or 181 market hogs. 
The additional part-time labor which can be hired in Model IVB 
allows this model to generate more net income by renting more land in 
the early years than Model I. This additional net income is used in 
part to acquire additional productive resources with the result that 
Model IVB shows an increase in the value of assets owned in the eighth 
year, an increase in the value of assets controlled in the eighth year 
and an increase in the gain in net worth. These increases amount to 
5.4%, 0.7% and 3.5%, respectfully. 
The marginal rate of return on both operating capital and invest­
ment capital is lower for Model IVA than for Model I as shown in Table 
33. Operating capital shows a relatively low return in the first year 
of Model IVA but increases substantially in the second year after the 
introduction of a more labor-saving activity in swine production. The 
marginal rate of return on capital in the last year of the model is 
15.6% for Model IVA compared with 19.3% for Model I. 
With the exception of operating capital in the first year. Model 
IVB also has a lower marginal rate of return on capital than Model I. 
Table 33. Comparison of estimated marginal rates of return for Model I with Models IVA and IVB 
Operating Capital Investment capital 
Year Model I Model IVA Model IVB Model I Model IVA Model : 
1 22.6% 9.8% 44.6% 26.7% 18.8% 26.1% 
2 31.9% 23.9% 27.5% 25.3% 17.7% 23.9% 
3 30.0% 21.8% 22.8% 24.0% 16.6% 22.1% 
4 27.6% 18.2% 26.6% 22.8% 16.1% 20.7% 
5 25.6% 17.2% 24.4% 21.7% 15.6% 19.2% 
6 23.8% 16.2% 22.6% 20.5% 15.1% 17.3% 
7 21.4% 14.7% 20.4% 19.3% 15.6% 14.0% 
8 19.3% 15.6% 14.0% mi • a. » w 
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Il is, however, generally higher than Model IVA except for the last 
year when the limit on hiring full-time labor is reached. The high 
rate of return on operating capital in the first year in Model IVB 
is a result of the additional part-time fall and spring labor which 
can be hired making the land renting activity very profitable as long 
as capital is available to purchase machinery and crop inputs. Model 
IVB shows a substantial decrease in the marginal rate of return on 
capital from year seven to year eight going from 20.4% to 14.0% on 
operating capital as a result of the limit being reached on the amount 
of full-time labor which can be hired. 
Increasing the cost of labor by 50% in Model IVA cause some changes 
to occur in the production activities and expansion activities that did 
not occur when the cost of capital was increased by 50%. Expansion of 
the physical facilities to increase swine production is increased in 
Model IVA over the other models and is relatively much more important 
because of the decline in the amount of land rented. More hogs are pro­
duced in Model IVA because of the facilities available than in Model I 
and the higher priced labor causes swine production to be concentrated 
in activity one which is a four-litter system utilizing the labor sav­
ing technology of the total confinement finishing building. The exist­
ing swine facilities are only used for the first two years of the model 
and then all production shifts to swine activity one. 
Model IVA utilizes the maximum allowable part-time labor in the 
fall and spring to the same extent that Model I does but hires consid­
erably less full-time labor. Model I hires 3,630 hours of full-time 
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labor in the eighth year but Model IVA hires only 1,544 hours. Part 
of this decrease is due to an overall reduction in the volume of busi­
ness done by izhe farm firm and part due to a shift to more capital in­
tensive swine production activities. 
With less land being rented, Model IVA produces a smaller total 
volume of crops and shows a definite shift away from planting oats on 
rented land. The only oats grown are those necessary on owned land to 
reestablish the seeding needed for hog pasture. There is little change 
in the relative emphasis on corn and soybean production but because of 
fewer acres being farmed not enough corn is produced in Model IVA to 
meet the requirements of the hog production activities. It requires 
that corn be purchased in year one and years four through eight. 
Model IVB, which doubles the amount of part-time labor that can be 
hired in each of the fall and spring time periods and restricts the 
amount of full-time labor which can be hired to the equivalent of one 
full-time man, also differs somewhat in its growth path when compared 
with Model I. During the early years of the model, land renting and 
crop production activities are emphasized relatively more than in 
Model I. The additional part-time labor available in the fall and 
spring time periods causes these activities to predominate at the ex­
pense of swine production. Compared with Model I, the crop activities 
show fewer oats being raised and a very small relative shift away from 
corn production towards soybean production. 
In the fifth year, the maximum allowable amount of both fall and 
spring part-time labor is hired for the first time and the expansion 
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activities begin to shift away from land renting towards expansion of 
physical facilities for increasing swine production. This relative 
shift towards dwine production continues through years six, seven and 
eight and, in year eight when the maximum allowable amount of full-
time labor Is hired, all swine production is concentrated in activity 
one which is a four-litter system using a total confinement finishing 
building. This is the most labor-saving swine raising technology and 
allows maximum swine production with a fixed amount of labor in com­
bination with the crop activities still in the solution. 
Model V - Land 
All of the models considered so far have had no restriction on 
the amount of land that could be purchased or rented. These models 
have also implicitly assumed that land was always available for pur­
chase or for rent at a time and place and in the optimal amount as 
called for in the solution to the model. 
The above assumptions are not necessarily realistic. Some farm­
ers can be expected to have an internal limit on the amount of land 
they are willing to farm. Land is not always available for purchase 
or rent at a time and place and in the desired amount when a growing 
farm is in a financial position to expand its acreage. 
Two models were developed to test the affects of two types of 
land restrictions on the farm growth process. Model VA places a maxi­
mum restriction of 800 acres on the amount of land that can be farmed. 
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This is an additional 490 acres over and above the 320 acres assumed 
to be part of the farm at the beginning of the model. The additional 
land can be eicher purchased or rented or a combination of the two. 
All models considered so far in this study have an optimal solu­
tion which included renting a substantial amount of additional land 
but which do not call for purchasing any land. Many farmers prefer 
to own a certain proportion of the total amount of land they farm in 
order to have a minimum number of acres should some of their rented 
land be sold and no longer be available to them. Rented land is not 
always available in some communities which sometimes forces a farmer 
to purchase additional land if he wishes to expand the size of his 
farm. Model VB requires that at least one-third of the total farm 
land be owned by adding a restriction limiting rented land to two 
acres for each acre owned. Because 160 acres is considered to be 
owned and 160 acres rented at the beginning of the model, this allows 
a maximum of another 160 acres to be rented before requiring additional 
land to be purchased in order to expand the rented acreage. 
Crop activities 
As shown in Table 34, Model VA has the same crop activities during 
the first two years as Model I. In years three, four and five, the 
total acreage farmed is the same for both models but there is a slight­
ly different emphasis in the combination of corn, soybeans and oats 
grown during these three years when the two models are compared. The 
800 acre limit on total farm land is reached in year six in Model VA 
and, since Model I keeps expanding by renting land in years six, seven 
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Table 34. Comparison of crop activities for Model I with 
Models VA and VB® 
Total Total Total °L of total % of total 
Year corn soybeans oats cropland cropland 
(acres) (acres) (acres) in corn in soybeans 
298.2 224.1 49.3 51.5% 38.7% 
1 298.2 224.1 49.3 51.5% 38.7% 
221.8 212.3 14.9 48.6% 46.6% 
244.2 310.1 43.0 40.5% 51.4% 
2 244.2 310.1 43.0 40.5% 51.4% 
208.0 227.5 14.1 45.6% 49.9% 
290.2 306.1 42.3 45.0% 47.5% 
3 307.9 296.4 45.4 46.9% 45.2% 
223.6 214.6 10.3 49.0% 47.1% 
328.2 326.6 56.8 45.7% 45.4% 
4 314.8 340.0 58.7 43.7% 47.2% 
223.9 216.6 7.4 49.0% 47.4% 
287.9 397.5 58.9 38.2% 52.8% 
5 302.1 388.2 59.2 39.8% 51.2% 
237.6 241.2 3.1 48.3% 49.0% 
437.5 343.8 75.3 50.5% 39.7% 
6 379.8 293.5 76.4 50.0% 38.7% 
242.9 228.0 10.0 49.3% 46.3% 
328.1 488.4 88.4 35.8% 53.3% 
7 252.2 446.7 49.2 33.2% 58.7% 
239.0 245.4 — —  48.0% 49.3% 
738.2 366.9 m #» 66.1% 32.9% 
8 493.8 252.2 —  —  65.0% 33.2% 
298.7 291.7 — — 49.4% 48.3% 
®Top figure in each group is Model I, middle figure is Model VA 
and lower figure Model VB. 
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and eight. Model VA farms less total acreage in those years. A 
change occurs in the cropping pattern in year seven with the oat 
acreage showi^ ig a relative decline in Model VA compared to Model I 
and the soybean acreage showing an increase. With land being 
restricted in this year, oats is not as profitable as under an un­
limited land restriction and the acreage is reduced relatively with 
the soybean acreage showing a relative increase. 
The restriction placed on land expansion in Model VB results in 
fewer acres being farmed than in either Model I or VA. This is true 
for all years of the model. With fewer acres being farmed, oat pro­
duction is not as profitable an alternative as in the other models and 
only 14.9 acres are raised in year one compared to 49.3 for the other 
models. Fewer acres of oats both absolutely and relatively are 
raised in the other years with the only oats raised after year four 
being those necessary to establish seeding on owned ground to be used 
for hog pasture. Model VB also shows a more even division of the row 
crop acres between corn and soybeans each year and does not show the 
alternating year emphasis on corn and soybeans to the degree the other 
two models do. 
Because of the smaller number of acres farmed, corn production in 
some years of Models VA and VB is not sufficient to meet the needs of 
livestock activities. During the first five years of Model VA, there 
is some excess corn production which is sold and in year six corn pro­
duction and corn requirements for livestock activities are just equal. 
In the seventh year, 252 bushels of corn must be purchased and in the 
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eighth year 10,092 bushels are purchased in addition to the corn pro­
duced to meet the requirements of the swine activities. The solu­
tion to Model VB requires the purchase of 418 bushels of corn in 
the first year with some excess corn being sold in the second year. 
Corn production and useage is just equal in year three and corn must 
be purchased in all the remaining years reaching a maximum of 10,315 
bushels of purchased corn in the eighth year. 
The reduced costs on crop activities show very little change when 
Model VA is compared with Model I. For Model VB which has the total 
acreage reduced even more than Model VA, the reduced costs on the 
continuous corn activity on both owned and rented land shows a de­
crease over Model I and the reduced costs on the oat activities show 
an increase. This further confirms the conclusion that as land be­
comes more limiting oat production becomes less competitive with corn 
and soybean production. 
Livestock activities 
The livestock activities as well as the crop activities are the 
same for the first two years of Model I and Model VA as shown in 
Table 35. A total of sixty swine litters is farrowed the first year 
along with feeding 45.2 head of steer calves under beef activity one. 
In the second year, 109.6 litters are farrowed with swine activity one 
being used in place of activities four and six and no beef feeding 
activities enter the solution. Swine production in these two models 
is nearly equal in years three, four and five but swine production be­
gins to increase substantially in year six in Model VA. It is in the 
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Table 35. Comparison of livestock activities for Model I with 
Models VA and VB® 
Swine litters Total Beef 
Year 
Activ­
ity 
1 
Activ­
ity 
3 
Activ- Activ­
ity ity 
4 6 
lit­
ters 
Activ­
ity 
1 
1 
-  - 40.0 
40.0 
40.0 
10.0 10.0 
10.0 10.0 
10.0 10.0 
60.0 
60.0 
60.0 
45.2 
45.2 
100.0 
2 
69.6 
69.6 
87.6 
40.0 
40.0 
40.0 
109.6 
109.6 
127.6 
3 
87.9 
87.8 
111.6 
40.0 
40.0 
40.0 
127.9 
125.8 
151.6 
-  -
4 
106.6 
107.1 
139.1 
40.0 
40.0 
40.0 
146.6 
147.1 
179.1 
5 
135.1 
133.9 
159.4 
40.0 
40.0 
40.0 
175.1 
173.9 
199.4 
- -
6 
150.2 
168.4 
193.6 
40.0 
40.0 
40.0 
- -  -  -
190.2 
208.4 
233.6 
7 
187.0 
207.1 
225.4 
40.0 
40.0 
40.0 
— - — — 
227.0 
247.1 
265.4 
8 
187.0 
240.9 
238.5 
40.0 
40.0 
40.0 
-  -  —  - 227.0 
280.9 
278.5 
-  —
^Top figure in each group is Model I, middle figure is Model VA 
and lower figure is Model VB. 
208 
sixth year when the limit on the total acres that can be farmed 
is reached. Model VA continues to increase swine production faster 
than Model I in years seven and eight until 280.9 litters are farrowed 
in the eighth year compared with 227.0 litters for Model I. 
Model VB utilizes the same swine activities in year one to 
produce the same number of swine litters as the other two models. 
However, Model VB has a solution calling for feeding 100 head of 
steer calves in beef activity one compared to 45.2 head for the other 
two models. The 100 head utilize to the limit the feedlot which 
exists at the beginning of year one. This activity enters the sol­
ution because the land restriction in Model VB restricts the amount 
of land that can be rented in the first year and the model structure 
does not allow expansion of swine activities in the first year. 
After the first year, Model VB does not call for feeding any beef 
cattle but swine production is expanded faster than in Models I and 
VA. As with the other two models, all swine expansion takes place in 
activity one with expansion occurring at a faster rate. 
Labor activities 
Because the crop and livestock activities are the same for the 
first two years. Model VA has the same labor requirements during the 
first two years as Model I. In years three, four and six the solu­
tion for Model VA calls for hiring more full-time labor than in Model 
I. In years seven and eight, while Model I has sharp increases in 
the amount of full-time labor hired. Model VA is hiring full-time 
labor at a more modest rate with the result that in the eighth year 
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it hires only 3,028.7 hours of full-time labor compared to 3,629.7 
hours for Model I. The full-time labor hired in the eighth year by 
Model VA is equivalent to 1.08 full-time men. 
Neither model hires any part-time labor during the fall time 
period during the first year but both hire the maximum amount of 250 
hours in each year thereafter. Part-time labor during the spring time 
period is hired at the limit of 250 hours in each model for years one 
through five. In years six, seven and eight. Model VA does not require 
hiring the full limit of 250 hours of part-time spring labor and hires 
only 103.6 hours in the sixth year, 206.8 hours in the seventh year 
and 1.8 hours in the eighth year. With expansion in land reaching 
the maximum in year six, spring labor requirements become less criti­
cal and the additional full-time labor hired meets the spring labor re­
quirements of both the crop and swine activities without the need to 
hire the maximum amount of spring part-time labor. 
With the reduced scale of production activities in Model VB, less 
full-time labor needs to be hired in all years of this model than in 
Model I. Hiring full-time labor increases slowly in this model until 
it reaches a maximum of 1,932.1 hours in the eighth year or the equiva­
lent of just less than 0.7 of a full-time man. Model VB is the only 
one of the three models which hires fall part-time labor in the first 
year and this is required because of the increase in the number of beef 
cattle fed during the first year of the model. In all other years, the 
maximum amount of fall part-time labor is hired as in the other two 
models. Part-time spring labor is hired to the maximum only in the 
210 
Table 36. Comparison of labor activities for Model I with 
Models VA and VB^ 
Labor hired (hours) Slack labor (hours') 
Full Part- Part- Period 2 Period 4 
Year time time time (winter) (summer) 
(fall) (spring) 
396.4 — - 250.0 285.3 - -
1 396.4 250.0 285.3 - — 
259.9 89.6 250.0 90.6 - -
581.5 250.0 250.0 309.4 — — 
2 581.5 250.0 250.0 309.4 — — 
218.2 250.0 165.8 134.4 - — 
814.7 250.0 250.0 306.1 —» M 
3 830.3 250.0 250.0 318.8 
429.0 250.0 138.4 102.5 - — 
1,289.6 250.0 250.0 371.6 •M — 
4 1,333.3 250.0 250.0 382.1 — — 
719.1 250.0 109.2 80.2 2.2 
1,727.9 250.0 250.0 388.3 m, 
5 1,715.6 250.0 250.0 389.3 --
933.6 250.0 140.2 63.8 --
2,158.3 250.0 250.0 454.7 a» 
6 2,233.4 250.0 103.6 406.2 
1,392.0 250.0 58.5 64.5 --
2,905.2 250.0 250.0 528.9 w — 
7 2,461.1 250.0 206.8 322.4 --
1,644.8 250.0 59.9 14.8 --
3,629.7 250.0 250.0 739.0 259.9 
8 3,028.7 250.0 1.8 356.2 143.9 
1,932.1 250.0 155.9 47.2 
^Top figure in each group is Model I, middle figure is Model VA 
and lower figure is Model VB. 
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first year and in all remaining years 165.8 hours or less of spring 
part-time labor is hired. 
Total acreage farmed is less in Model VB than in either of the 
other two models and the spring labor requirement is not as high. The 
increased emphasis on swine production in Model VB and its year round 
labor requirements places the relative need on hiring more full-time 
labor instead of seasonal labor. The increased emphasis on swine pro­
duction and its winter labor requirements as opposed to no winter labor 
requirements for cropping activities allows Model VB to more complete­
ly utilize the available winter labor with smaller amounts remaining 
unused than in the other two models. Model VB has 2.2 hours of slack 
labor during the summer period of year four compared to none for the 
other two models but it is able to completely utilize the summer labor 
during the eighth year whereas the other two models have slack labor 
during that time period. 
Increasing swine production relative to crop production as happens 
in Models VA and VB, causes some changes to take place in the shadow 
prices for labor. The swine activities have a relatively higher fall 
labor requirement than spring labor requirement and the shadow prices 
on fall labor in all years is higher in Models VA and VB than in Model 
I. Conversely, the shadow prices on spring labor is lower in all years 
for these two models. The more year round labor requirement of the 
swine activities also causes the shadow prices on summer labor to be 
higher in most years for Models VA and VB than for Model I. 
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Expansion activities 
Table 37 shows the expansion activities in the first year for 
Model VA are the same as for Model I. In the second year, the amount 
of additional land rented is the same for both models but there are 
some changes in years three, four and five. The sixth year finds Model 
VA reaching the maximum allowable limit on land by renting only an addi­
tional 1.9 acres and reaching the limit prevents any additional land 
from being rented in year seven and eight. 
Model VA expands swine facilities at a slower rate than Model I 
in years two and four but at a faster rate in years three, five and 
six. A large change takes place in the seventh year when Model VA 
adds 8.4 farrowing stalls to the farrowing capacity compared to none 
for Model I. The expansion in finishing facilities in the total con­
finement system follows a pattern similar to that of the farrowing 
capacity. 
Over the eight years. Model VA rents 480 acres of land which puts 
it at the maximum allowable limit compared to 855.3 acres for Model I. 
Farrowing stalls are increased by 55.2 compared to 41.8 for Model I 
and the capacity of the swine finishing facilities is increased by 
602.2 head compared to 467.6 head for Model I. 
Because of the restriction placed on renting land in Model VB 
which allows only two acres of land to be rented for each acre which is 
owned, this model also emphasizes expansion of swine facilities rather 
than renting land. In the first year, 160 acres of land is rented which 
is the maximum additional land that can be rented and no land is rented 
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Table 37. Comparison of expansion activities for Model I with 
Models VA and VB& 
Swine 
Land Machinery farrowing Swine Land 
Year rented purchased capacity technology 4 purchase 
(acres) (acre units) (stalls) (head capacity) (contract) 
289.1 289.1 12.4 174.0 
1 289.1 289.1 12.4 174.0 
160.0 160.0 16.9 219.0 
25.5 
25.5 
25.5 
25.5 
4.6 
4.1 
6 . 0  
45.8 
40.5 
60.1 
44.5 
55.9 
44.5 
55.9 
4.7 
5.3 
6.9 
46.7 
53.3 
68.8 0.3 
77.5 77.5 7.1 71.3 -  -
4 68.4 68.4 6.7 67.0 —  -
0.5 0.5 5.1 50.8 12.3 
36.1 36.1 3.8 37.8 — rw 
5 39.2 39.2 8.6 86.1 — — 
24.6 37.0 8.5 85.4 0.3 
118.9 118.9 9.2 92.0 
6 1.9 1.9 9.7 96.8 --
0.6 0.8 7.9 79.4 1.7 
52.9 52.9 = «• — —• » — 
7 -  - —  —  8.4 84.5 - -
3.5 5.2 3.3 32.9 37.4 
210.8 210.8 X X X 
8 —  —  X X X 
74.8 112.2 X X X 
855.3 855.3 41.8 467.6 
Totals 480.0 480.0 55.2 602.2 
264.0 316.0 54^ 6 596.4 52.0 
*Top figure in each group is Model I, middle figure is Model VA 
and lower figure is Model VB. 
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in years two and three. During the first three years. Model VB ex­
pands the swine facilities at a rate faster than either of the other 
two models. 
Beginning in the third year. Model VB purchases some land under 
a land contract purchase agreement which allows some additional land 
to be rented in years four through eight. A total of 52.0 acres is 
purchased during years three through seven which allows another 104.0 
acres to be rented for a total of 264.0 acres rented during the eight 
years. 
Model VB also expands swine facilities more than Model I. A to­
tal of 54-6 farrowing stalls is constructed over the eight year peri­
od compared to 41.8 for Model I with the construction of swine finish­
ing facilities showing a comparable increase. 
Financial activities 
Table 38 provides a comparison of the financial activities for 
Models VA and VB and Model I. As with the other activities of Model 
VA, the financial activities for the first two years are the same as in 
Model I. The amount of capital borrowed each year in Model VA is equal 
to or greater than the amount borrowed in Model I for each year up to 
the fifth year and then is less in years six, seven and eight. In the 
eighth year. Model VA borrows $60,723.00 compared to $65,343.00 for 
Model I. Fixed costs in Model VA follow the same pattern as the capi­
tal borrowing, equaling or exceeding the fixed costs in Model I up 
through the fifth year and totaling less than Model I for the last 
three years. 
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Table 38. Comparison of financial activities for Model I with 
Models VA and VB® (to nearest dollar) 
Capital Fixed Taxes Family 
Year borrowed costs paid consumption 
1 
$28,243 
$28,243 
$31,149 
$10,718 
$10,718 
$ 9,459 
$ 496 
$ 496 
$1,517 
$ 4,496 
$ 4,496 
$ 5,517 
2 
$31,261 
$31,261 
$28,767 
$11,886 
$11,886 
$10,656 
$3,882 
$3,882 
$3,960 
$ 7,882 
$ 7,882 
$ 7,960 
3 
$35,281 
$35,357 
$32,147 
$12,601 
$12,681 
$11,025 
$3,925 
$3,818 
$4,224 
$ 7,925 
$ 7,818 
$ 8,224 
4 
$40,426 
$40,580 
$36,045 
$13,644 
$13,675 
$11,470 
$4,407 
$4,544 
$4,796 
$ 8,407 
$ 8,544 
$ 8,796 
5 
$45,611 
$45,622 
$40,402 
$14,435 
$14,470 
$12,837 
$5,138 
$5,054 
$4,564 
$ 9,138 
$ 9,054 
$ 8,564 
6 
$51,598 
$50,525 
$45,307 
$15,825 
$15,018 
$13,369 
$4,933 
$6,067 
$5,753 
$ 8,933 
$10,067 
$ 9,753 
7 
$58,490 
$55,971 
$50,055 
$16,907 
$15,613 
$13,988 
$6,375 
$6,485 
$5,876 
$10,375 
$10,485 
$ 9,876 
8 
$65,343 
$60,723 
$56,530 
$18,963 
$16,133 
$17,373 
$3,591 
$6,024 
$5,075 
$ 7,591 
$10,024 
$ 9,075 
®Top figure in each group is Model I, middle figure is Model VA 
and lower figure is Model VB. 
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Model VA pays more total taxes over the eight years than does 
Model I even though the discounted net returns are slightly less. Few­
er units of machinery are purchased by Model VA and, while more swine 
facilities are added, the depreciation rate on swine buildings is low­
er than on machinery and there is less total depreciation each year. 
The lower accumulated depreciation total results in a higher taxable 
income in Model VA than in Model I for all years but the fifth and 
seventh. Because depreciation is also subtracted from income when com­
puting net income for marginal consumption, the total family consumption 
over the eight years is also higher in Model VA than in Model I. 
This particular structure of the model which allows for higher 
taxes and higher family consumption under these circumstances con­
tributes to the slower rate of growth because capital used to pay 
taxes and for family consumption is no longer available for expansion 
purposes. 
The financial activities of Model VB are somewhat similar to Model 
VA. With the exception of year one less capital is borrowed in all 
years with the amount being $56,530.00 in year eight compared to 
$65,343.00 for Model I. Fixed costs in Model VB are less than Model I 
in all years and taxes and family consumption are higher than in Model 
I for the same reasons as discussed above. 
Summary and analysis 
Placing restrictions on the land expansion activities causes re­
ductions in the value of the objective functions as shown in Table 39. 
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Table 39. Comparison of.some growth indicators for Model I 
with Models VA and VB 
Model I Model VA Model VB 
Objective function $215,777 $214,823 $211,247 
(discounted net returns) 
Acres farmed in 1,175.3 800.0^  636.0 
year 8 
Market hogs sold 1,703 2,107 2,089 
in year 8 
Value of assets $197,044 $186,416 $201,151 
owned in year 8 
Value of assets $704,694 $506,416 $413,151 
controlled in year 8 
Increase in net worth $117,548 $108,653 $101,643 
over 8 years 
M^aximum allowable amount. 
Model I with no land restriction has an objective function value of 
$215,777.00 compared with $214,823.00 for Model VA and $211,247.00 for 
Model VB. Even though Model VA is restricted to a total of 800 acres, 
it is able to rent as many acres as Model I during the early years, 
compensate for the decreased acreage with expanded swine production in 
the later years and ends up with an objective function value within 
$1,000.00 of Model I. 
Model VB is restricted to renting 160 acres in the first year 
compared to 289 acres rented by the other two models and ends up with 
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a total of only 636 acres being farmed at the end of the eighth year. 
This model expands swine production over Model 1 but does not end up 
with either as many acres being farmed or as many market hogs sold in 
the eighth year as Model VA and has an objective function value which 
decreases over $3500.00 from that model. At least a portion of this 
decrease can be traced back tô being unable to rent more than the 
160 acres in the first year which gives Model VB less capital to work 
with in the second year which consequently reduces the net income in 
all remaining years. 
Swine production increases in both of the models with land 
restrictions as a partial compensation for and a substitute for the 
reduction in crop acres. Model VA increases market hog production by 
404 head in the eighth year compared with Model I and Model VB produces 
2,089 head of market hogs in the eighth year compared to 2,107 for 
Model VA and 1,703 for Model I. 
The value of physical productive assets owned in the eighth year 
declines from $197,044.00 for Model I to $186,416.00 for Model VA. 
Because Model VB purchases 52 acres as part of its optimal solution it 
has a value of physical productive assets owned in the eighth year of 
$201,151.00 which is more than the other two models. Value of phys­
ical productive assets controlled in the eighth year declines from 
$704,694.00 in Model I to $506,416.00 in Model VA to $413,151.00 in 
Model VB. The declines in this value can be attributed primarily to 
the smaller number of acres rented. 
The land restrictions of Models VA and VB also prevent these 
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models from increasing the farm operators net worth at a rate com­
parable to that possible in Model I. In the basic model, net worth 
is increased by $117,548.00 over the eight years compared to $108, 
653.00 for Model VA and $101,643.00 for Model VB. 
The marginal rates of return on capital in Models VA and VB 
show the same pattern as in Model I with operating capital showing 
a higher rate of return than investment capital after the first year. 
Model VB shows a substantial reduction in the marginal rate of re­
turn on operating capital in the first year compared to the other two 
models because this model is unable to rent land in a sufficient amount 
to optimally use the available capital in the first year. In addition 
to this change, the general effect of placing a restriction on the 
amount of land that can be farmed is to cause a reduction in the mar­
ginal rate of return on both operating capital and investment capital. 
Renting land is one of the optimal growth strategies to use and plac­
ing restrictions on this activity causes capital to be used in the 
next best alternative which does not have as high a rate of return. 
In the basic model developed for this study, restricting either 
directly or indirectly the amount of land that can be rented causes 
swine production to increase in importance as a growth strategy. How­
ever, substituting increased swine production for additional crop acres 
causes a reduction in the value of the objective function, value of 
physical productive assets controlled at the end of the eight years 
and a smaller increase in net worth. With a smaller amount of land be­
ing cropped in Models VA and VB, oats take on relatively less 
Table 40. Comparison of estimated marginal rates of return on capital for Model I 
with Models VA and VB 
Operating capital Investment capital 
Year Model I Model VA Model VB Model I Model VA Model VB 
1 22.6% 22.5% 10.7% 26.7% 25.2% 23.2% 
2 31.9% 30.8% 29.8% 25.3% 23.7% 21.7% 
3 30.0% 29.1% 26.3% 24.0% 22.2% 20.6% 
4 27.6% 26.7% 23.6% 22.8% 20.8% 19.6% 
5 25.6% 24.6% 21.6% 21.7% 19.3% 18.8% 
6 23.8% 21.2% 20.0% 20.5% 18.3% 18.1% 
7 21.4% 18.8% 18.5% 19.3% 17.7% 17.5% 
8 19.3% 17.7% 17.5% V M M • _ IB 
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importance in the cropping program. Particularly in Model VB which 
is the most restricting on additional land, no oats is raised on rent­
ed land after the third year. Corn and soybean production in nearly 
equal amounts each year is the optimal cropping program when land is 
limiting. 
With fewer crop acres and increased swine production, less full-
time labor needs to be hired and the more year round labor require­
ments of the swine activities result in more efficient use of the hired 
labor. The land limiting models also have less capital borrowing and 
smaller total fixed costs. Taxes and family consumption are higher in 
the land limiting models because there is less depreciation on new 
physical productive assets to deduct from the gross income in deter-
ming taxable income and net income for marginal consumption. 
Model VI - Objective Function 
With the exception of Model VB, none of the models presented so 
far have had an optimal solution which included either of the land pur­
chase activities. Examination of the solutions have shown the land 
purchase activities to have comparatively large reduced costs indica­
ting a substantial reduction in the objective function value would oc­
cur if the land purchase activities were forced into the solution. 
This is particularly true during the early years of the models. 
These results are in conflict with the actions of many farmers 
Including those operating a growing farm firm. Active farmers are one 
of the largest classification of farm purchasers and the land 
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purchased is often added to the existing farm making the purchase a 
growth activity. Assuming that the technical coefficients and prices 
used in this study are appropriate for the area of Iowa being consid­
ered, there must be another explanation for the discrepancy between the 
results of the models and the actions of real life farmers. One ex­
planation is that farmers act irrationally but this hypothesis is dif­
ficult to test and one would assume that farmers are maximizers of 
some type. 
A second explanation of why farmers purchase land is that it may 
be in some sense a "second best" growth strategy if other growth oppor­
tunities are not available. This might be true for example if a 
growth-minded farmer is unable to rent additional land. In some com­
munities, there is only a limited amount of land available for rent 
which can be added onto an existing farm operation and there is usually 
strong competition to rent this type of land. However, this explana­
tion does not explain why a growth-minded farmer does not expand by in­
creasing the scale of his livestock activities except in the case where 
personal preferences eliminate livestock as a growth alternative. 
A third hypothesis is that farmers maximize an objective function 
other than the one used in this study. Instead of maximizing discount­
ed net returns over time, farmers may be more inclined to maximize net 
worth for example. The accumulation of net worth in the form of farm 
land is a common measure of status and success in rural communities and 
the increase in land values over the past several decades has made 
land ownership an attractive means to accumulate net worth. This 
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increase in land value has also provided a strong and growing bor­
rowing capacity for the land owners. 
Models VIA and VIB were developed to determine if either of the 
land purchase activities would enter the optimal solution to the model 
if the objective function was changed. The objective function used in 
these models is maximization of net worth at the end of the eight-year 
planning period. In Model VIA, land values are assumed to increase at 
a rate of 4% compounded annually and Model VIB assumes land values in­
crease at a compound rate of 6% annually. The objective function in 
these models has zero values for every activity except those calling 
for the purchase of land, machinery and buildings for livestock expan­
sion. Only objective function values for the purchase of land have the 
"inflation factor" Included and have been adjusted to represent the 
equity in the land at the end of eight years given the appropriate rate 
of assumed increase in land value. 
Crop activities 
Several changes take place in the crop activities when Models VIA 
and VIB are compared with Model I. Not only is more land cropped in 
the net worth models but there are some shifts in the crop mix particu­
larly in certain years. Table 41 is a comparison of the crop activi­
ties for the three models. 
During the first year, the net worth models do not have any oats 
in the optimal cropping program. In addition. Model VIB shows a marked 
shift towards corn production with 65.8% of crop land in corn compared 
with 51.5% and 55.3% for the other two models. 
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Table 41. Comparison of crop activities for Model I with Models 
VIA and VIB^  
Total Total Total % of total % of total 
Year corn soybeans oats cropland cropland 
(acres) (acres) (acres) in corn in soybeans 
298.2 224.1 49.3 51.5% 38.7% 
1 250.2 194.8 — — 55.3% 43.0% 
279.5 135.6 -- 65.8% 31.9% 
244.2 310.1 43.0 40.5% 51.4% 
2 211.5 323.1 61.1 35.2% 53.8% 
149.4 352.8 65.2 26.1% 61.6% 
290.2 306.1 42.3 45.0% 47.5% 
3 383.1 301.2 99.7 48.5% 38.1% 
409.2 201.4 60.4 60.4% 29.7% 
328.2 326.6 56.8 45.7% 45.4% 
4 490.5 473.1 2.7 50.5% 48.7% 
438.6 450.7 7.5 48.5% 49.9% 
287.9 397.5 58.9 38.2% 52.8% 
5 465.6 547.2 238.8 37.0% 43.5% 
430.1 514.8 209.7 37.0% 44.3% 
437.5 343.8 75.3 50.5% 39.7% 
6 860.9 531.9 3.0 61.4% 37.9% 
918.0 409.5 7.7 68.3% 30.5% 
328.1 488.4 88.4 35.8% 53.3% 
7 407.5 1,057.4 327.7 22.6% 58.7% 
158.6 950.9 280.3 11.3% 68.0% 
738.2 366.9 66.1% 32.9% 
8 1,701.4 155.4 91.5% 8.4% 
1,395.7 -- -- 99.8% 0.0% 
*Top figure in each group is Model I, middle figure is Model VIA 
and lower figure is Model VIB. 
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During the second year, oat raising enters the solution to models 
VIA and VIB and, because of the emphasis on corn production in year 
one. Model VIB shows a relative increase in the percentage of total 
crop land planted to soybeans. 
A major shift in oat production takes place in the net worth 
models in years four through seven. In years four and six, these 
models raise only the amount of oats necessary to establish the seed­
ing needed for hay and hog pasture in the following years with no oats 
being raised on any of the rented land. Years five and seven find 
Models VIA and VIB raising a substantial amount of oats on rented land 
with the total reaching as high as 327.7 acres in year seven for Model 
VIA. The percentage of rented land in oats these years range from 21.8% 
for Model VIA in year seven to 27.5% for Model VIB in year seven. 
The emphasis on oat production in years five and seven on rented 
land is caused primarily by the optimal cropping program in year eight 
which calls for raising corn on over 90% of the crop land in Model VIA 
and on all the crop land except that needed for hog pasture in Model 
VIB. It is desirable in the model to have corn following either soy­
beans or oats because of slight yield advantages but the model does not 
allow soybeans to follow soybeans. Oats were included in substantial 
amounts in years five and seven in order to set up the proper cropping 
sequence to maximize total corn production in the eighth year. 
Livestock activities 
Table 42 provides a comparison of the livestock activities enter­
ing the solution for Model I with the livestock activities entering the 
Table 42. Comparison of livestock activities for Model I with Models 
VIA. and VIB* 
Swine litters 
Year Activity 1 Activity 2 Activity 3 Activity 4 Activity 6 
-  —  —  —  40.0 10.0 10.0 
1 -  - 40.0 10.0 10.0 
-- 40.0 10.0 10.0 
69.6 « — 40.0 ## M — 
2 20.0 40.0 —  —  — —  
20.0 -- 40.0 --
87.9 tm —. 40.0 _• — 
3 20.0 — — 40.0 
20.0 40.0 - - — 
106.6 mm a 40.0 w mm 
4 20.0 — — 40.0 — — --
20.0 - - 40.0 - - --
135.1 — _ 40.0 » w — —  
5 20.0 — —  40.0 - — — —  
20.0 - - 40.0 --
150.2 — — 40.0 mm m» » — 
6 20.0 40.0 — —  
20.0 -- 40.0 -- -  -
187.0 " — 40.0 mm m* ## — 
7 20.0 — - 40.0 — — 
-  - 20.5 40.0 3.2 3.2 
187.0 40.0 _ M 
8 20.0 — — 40.0 —  —  
20.0 — — 40.0 —  —  —  —  
^Top figure in each group is Model I, middle figure is Model VIA 
and lower figure is Model VIB. 
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Total Beef Beef 
litters activity 1 activity 3 
60.0 45.2 
60.0 100.0 -  -
60.0 100.0 --
109.6 mm w — — 
60.0 10.7 — -
60.0 - - 32.0 
127.9 w a* — — 
60.0 20.4 - -
60.0 31.2 - -
146.6 a* » — — 
60.0 36.1 -  -
60.0 51.3 -  -
175.1 M —» — «B 
60.0 36.1 — — 
60.0 49.0 — — 
190.2 «• M — — 
60.0 48.5 — —  
60.0 59.6 - -
227.0 w « — — 
60.0 54.6 — -
66.9 75.4 - -
227.0 — M — — 
60.0 59.0 - -
60.0 57.5 — — 
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solutions for Model VIA and VIB. As shown in the table, a number of 
changes take place in the livestock activities in the models which 
maximize net worth. 
The swine activities are the same in the first year for all 
three models. Forty litters are raised under swine activity three 
and ten litters each under activities four and six for a total of 
sixty litters. In the second year, all three models switch from us­
ing swine activities four and six to swine activity one. Model I 
expands from sixty litters to 109.6 litters in year two and con­
tinues to expand the number of litters farrowed and raised under 
activity one in the following years. Model VIA and VIB farrow and 
raise twenty litters under swine activity one while continuing with 
the forty litters under swine activity three. The net worth models do 
not expand the swine farrowing capacity in any year which limits the 
total swine production to sixty litters as long as swine activities 
one and three are utilized. 
The net worth models farrow sixty litters per year from year two 
through eight utilizing swine activities one and three with one excep­
tion. In year seven. Model VIB eliminates swine activity one from the 
solution and utilizes instead swine activity two to the extent of 20.5 
litters and swine activities four and six to the extent of 3.2 litters 
each. Because swine activity two is a six-litter system, this switch 
allows the swine production to increase to 66.9 litters for Model VIB 
in the seventh year. 
This change can be traced back to the change in the crop activities 
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in the seventh year when there was a substantial shift to raising oats 
on rented land. Raising oats requires no fall labor and less spring 
labor than corn or soybean production. This change in the labor re­
quirements for crop activities allows the swine activities to switch 
to swine activity two which has a higher spring and fall labor require­
ment per litter than activity one but, being a six-litter system, more 
completely and efficiently utilizes the farrowing capacity. The 3.2 
litters each in swine activities four and six must be finished in the 
portable hog buildings as the total confinement building is being uti­
lized to capacity but sufficient labor is now available for these two 
activities to enter the solution. 
While the scale of swine production activities is lower in Models 
VIA and VIB than in Model I, the opposite takes place in the scale of 
beef feeding activities. Model I has an optimal solution calling for 
feeding 45.2 head of steer calves in beef activity one during the first 
year with no cattle feeding taking place in any of the remaining years. 
Model VIA and VIB utilize the existing feedlot capacity to the limit 
during the first year by feeding 100 head of steer calves. During each 
of the remaining years. Models VIA and VIB feed some cattle as part of 
the optimal solution but do not utilize the existing feedlot to capaci­
ty again. For Model VIA, the number of steer calves fed after the 
first year ranges from 10.7 head in the second year to 59.0 head in the 
eighth year. Model VIB feeds from 31.2 head in the third year to 75.4 
head in the seventh year. During the second year. Model VIB switches 
from feeding steer calves to feeding yearling steers in the amount of 
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32.0 head. 
Labor activities 
The pattern of labor hiring activities in Models VIA and VIB is 
different than in Model I as shown in Table 43. Model VIA hires less 
full-time labor during the first two years than does Model I. During 
the third year and for all following years. Model VIA is farming more 
land than Model I and more full-time labor is hired. Full-time labor 
hiring reaches a peak in year seven in Model VIA with a total of 7,020.0 
hours hired. This is the equivalent of 2.5 full-time men. The amount 
of full-time labor hired in the eighth year declines to 6,646.5 hours 
because of the changes in the cropping program which take place in the 
eighth year. 
Both Model I and Model VIA hire the limit of 250.0 hours of part-
time spring labor in years one through seven. Model I also hires the 
limit in the eighth year but Model VIA does not require the hiring of 
any part-time spring labor in the eighth year. 
The part-time fall labor requirements of the two models are quite 
dissimilar. Model I does not hire any part-time fall labor in the first 
year and then hires the maximum allowable limit of 250.0 hours in each 
year thereafter. Because less full-time labor is hired and the cattle 
feeding activity has been expanded. Model VIA must hire 108.5 hours of 
part-time fall labor during the first year. Model VIA hires the maxi­
mum amount of part-time fall labor only in the eighth year with none 
being hired in years four, five and seven and amounts ranging from 11.0 
hours to 96.0 hours in the remaining years. 
Table 43. Comparison of labor activities for Model I with Models 
VIA and VIB* 
Labor hired (hours) 
Year 
Full-time 
Part-time 
(fall) 
Part-time 
(spring) 
396.4 250.0 
1 243.1 108.5 250.0 
21.2 183.4 250.0 
581.5 250.0 250.0 
2 363.3 96.0 250.0 
447.1 80.9 250.0 
814.7 250.0 250.0 
3 1,089.8 56.4 250.0 
515,1 181.0 250.0 
1,289.6 250.0 250.0 
4 2,535.7 — — 250.0 
2,365.1 - - 250.0 
1,727.9 250.0 250.0 
5 3,590.4 — — 250.0 
3,224.6 - - 250.0 
2,158.3 250.0 250.0 
6 4,534.8 11.0 250.0 
4,150.9 84.7 250.0 
2,905.2 250.0 250.0 
7 7,020.0 — — 250.0 
5,405.6 -  - 250.0 
3,629.7 250.0 250.0 
8 6,646.5 250.0 — — 
4,313.7 250.0 — — 
^Top figure in each group is Model I, middle figure is Model VIA 
and lower figure is Model VIB. 
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Slack labor (hours) 
Period 1 Period 2 Period 3 Period 4 • 
(fall) (winter) (sprine) (summer) 
285.3 
—  —  85.7 —  —  25.7 
- - 21.3 -  - -  -
V m» 309.4 M » M B 
— — 407.9 — — 
- — 378.6 - -
306.1 » " — 
- — 591.0 — — —  —  
-- 393.7 — - --
mm w 371.6 w — 
— —  966.0 — — 330.8 
- - 873.3 -- 289.0 
M «» 388.3 «m w 
1,271.8 — " —  —  
1,129.1 —- - -
«• w 454.7 _ «• » M 
-  - 1,510.6 — — 544.5 . 
-- 1,367.8 — - 485.8 
M " 528.9 a w » w 
345.5 2,214.0 —  - 184.8 
-- 1,659.5 -- 65.0 
— — 739.0 " a* 259.9 
2,093.1 — - 850.2 
1,420.9 19.4 586.7 
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The labor hiring activities of Model VIB are quite similar to 
those for Model VIA. However, the amount of full-time labor hired by 
Model VIB does not exceed that hired by Model I until the fourth 
year which is the first year this model begins to add substantial 
amounts of rented land. Again the largest amount of full-time labor 
is hired in year seven with the amount being 5,405.6 hours or the 
equivalent of 1.9 full-time men. 
Model VIB also hires the maximum allowable amount of part-time 
spring labor in all years except the eighth year when none is hired. 
The hiring of part-time fall labor follows a pattern similar to Model 
VIA except more hours are hired in years one, three and six and fewer 
hours in year two. 
The amount of slack labor or unused labor tends to increase in 
the net worth models. Except for the first year, there is more slack 
winter labor in Model VIA and VIB than in Model I. This is a result 
of more full-time labor being hired and less winter labor being required 
because of the reduced scale of the swine production activities. 
Model VIA also has 345.5 hours of unused fall labor in the seventh 
year and Model VIB has 19.4 hours of unused spring labor in the 
eighth year; The net worth models also show an increase in slack labor 
during the summer time period with Model VIA having unused labor during 
the summers of the first, fourth, sixth and seventh years and Model VIB 
having unused labor during the summers of the fourth, sixth, and sev­
enth years. All three models have slack labor during the summer of 
the eighth year. The heavy emphasis on crop activities in the net 
Table 44. Comparison of expansion activities for Model I with 
Models VIA and VIB^  
Machinery Swine farrow-
Year Land rented purchased ing capacity 
(acres) (acre units) (stalls) 
289.1 289.1 12.4 
1 156.7 156.7 — — 
126.9 126.9 • 
25.5 25.5 4.6 
2 - - 155.1 - -
155.9 
44.5 44.5 4.7 
3 199.3 199.3 
28.9 110.5 
77.5 77.5 7.1 
4 191.9 191.9 — — 
237.7 237.7 
36.1 36.1 3.8 
5 301.4 301.4 — — 
272.1 272.1 - -
118.9 118.9 9.2 
6 152.2 152.2 
191.4 191.4 - -
52.9 52.9 — » 
7 418.1 418.1 - -
57.7 57.7 
210.8 210.8 X 
8 62.9 62.9 X 
-- — X 
855.3 855.3 41.8 
Totals 1,482.5 1,637.6 - -
914.7 1.152.2 - -
®Top figure in each group is Model I, middle figure is Model 
VIA and lower figure is Model VIB. 
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Swine Land Land 
technology 4 purchase purchase 
(head capacity) (morteaee) (contract) 
174.0 -- --
50.0 155.1 
50.0 155.9 
45.8 -- --
46.7 
71.3 
37.8 
92.0 
81.6 
X XX 
X 
X 
467.6 —- --
50.0 155.1 
50.0 155.9 81.6 
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worth models and their low requirement for summer labor compared to 
the swine production activities causes the increase in slack summer 
labor. 
Expansion activities 
Changing the objective function to maximization of net worth at 
the end of the planning period as was done in Models VIA and VIB 
causes a significant shift in the expansion activities from Model 1 
which maximized discounted net returns over the planning period. Max­
imizing net worth caused expansion to be predominantly in additional 
land being added to the farming operation so that growth took place 
through an expansion of the crop activities rather than through a com­
bination of crop and swine activities as occurred in previous models. 
The only expansion in swine facilities in Models VIA and VIB is add­
ing a total confinement finishing building described under swine tech­
nology four with a capacity of 50 head. This expansion in swine fin­
ishing facilities allows the existing farrowing stalls to be utilized 
to capacity with four farrowings per year. There is not sufficient hog 
finishing facilities existing at the beginning of year one to allow 
full utilization of the fifteen farrowing stalls without using a pas­
ture finishing system. 
Model VIA rents 156.7 acres of land in the first year and pur­
chases the machinery necessary to farm this additional land. In addi­
tion, this model purchases 155.1 acres of land with a real estate mort­
gage in the first year. In the second year, the purchased land becomes 
available to crop and 155.1 units of machinery must be purchased to 
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farm this land. No additional land is rented in the second year. 
In the third and all following years. Model VIA rents substan­
tial amount of land ranging from a low of 62.9 acres in the eighth year 
to 418.1 acres in the seventh year. Over the eight year period, this 
model rents 1,482.5 acres in addition to the 155.1 acres purchased 
compared to 855.3 acres of land rented by Model I. 
Model VIB rents 126.9 acres of land in year one and purchases 
155.9 acres of land with a real estate mortgage. In the second year, 
the purchased land becomes available to crop and 155.9 units of mach­
inery is purchased to farm this land. In addition. Model VIB pur­
chases 81.6 acres of land in the second year this time with a land 
purchase contract. No additional land is rented in the second year. 
Model VIB rents land in years three through seven with the amounts 
ranging from 28.9 acres in the third year to 272.1 acres in the fifth 
year with no land being rented in the eighth year. A total of 914.7 
acres is rented by this model compared with 1,482.5 acres for Model 
VIA and 855.3 acres for Model I. Model VIB purchases a total of 
237.5 acres compared with 155.1 for Model VIA and none for Model I. 
Financial activities 
As shown in column one of Table 45, the net worth models bor­
row more capital than is borrowed in Model I. There are two reasons 
for this increased capital borrowing the first being that Models VIA 
and VIB feed more cattle each year than does Model I and the models 
assume 100% of the cost of feeder cattle can be borrowed. The sec­
ond reason is that in the net worth models the borrowing restriction 
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Table 45. Comparison of financial activities for Model I with Models 
VIA and VIB^  (to nearest dollar) 
Capital Fixed Income Family 
Year borrowed costs paid tax paid consumption 
$ 28,243 $ 10,718 $ 496 $ 4,496 
1 $ 31,343 $ 9,427 $ 1,292 $ 5,292 
$ 29,389 $ 9,137 $ 1,369 $ 5,369 
$ 31,261 $ 11,886 $ 3,882 $ 7,882 
2 $ 40,387 $ 16,428 $ 848 $ 4,848 
$ 44,334 $ 16,174 $ 1,169 $ 5,169 
$ 35,281 $ 12,601 $ 3,925 $ 7,925 
3 $ 50,090 $ 18,372 $ 1,975 $ 5,975 
$ 52,393 $ 22,128 $ 831 $ 4,831 
$ 40,426 $ 13,644 $ 4,407 $ 8,407 
4 $ 60,430 $ 20,243 $ 1,435 $ 5,435 
$ 67,059 $ 24,326 $ 1,680 $ 5,680 
$ 45,611 $ 14,435 $ 5,138 $ 9,138 
5 $ 72,308 $ 23,181 $ 4,247 $ 8,247 
$ 80,043 $ 26,859 $ 3,663 $ 7,663 
$ 51,598 $ 15,826 $ 4,933 $ 8,933 
6 $ 81,103 $ 24,666 $ 964 $ 4,964 
$ 93,745 $ 28,607 $ 706 $ 4,706 
$ 58,490 $ 16,907 $ 6,375 $10,375 
7 $ 97,788 $ 28,742 $ 5,683 $ 9,683 
$ 83,436 $ 29,049 $ 8,391 $12,391 
$ 65,343 $ 18,963 $ 3,591 $ 7,591 
8 $102,811 $ 29,355 $ $ 4,000 
$ 86,212 $ 28,930 $ -- $ 4,000 
$356,253 $114,980 $32,747 $64,747 
Totals $536,260 $170,414 $16,444 $48,444 
$536,611 $185,210 $17,809 $49,809 
^Top figure in each group is Model I, middle figure is Model VIA. 
and lower figure is Model VIB. 
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increases each year because of the increased equity in land being 
purchased because of the annual Increase in the price of land. Par­
ticularly for land being purchased with a mortgage, this four or six 
percent annual increase in the value of the land adds more to the own­
ers equity each year than does the principal part of the mortgage pay­
ment . 
Capital borrowing in Model VIA. exceeds that of Model I by $3100.00 
in the first year with both the amount and difference increasing until 
the eighth year when $102,811.00 is borrowed by Model VIA. This is an 
amount equal to 1.57 times the amount borrowed by Model I in the 
eighth year. 
The capital borrowing of Model VIB exceeds that of Model I for 
all years but the amounts are less than in Model VIA for years one, 
seven and eight. Model VIB is the first of the models in this study 
which does not utilize the existing borrowing capacity to the limit in 
each year. In years one, seven and eight there is unused borrowing 
capacity in Model VIE in the amount of $986.00 in year one, $20,752.00 
in year seven and $22,141.00 in year eight. Model VIB has a larger 
borrowing capacity in years seven and eight than Model VIA but does 
not utilize it completely. 
Model VIB borrows the maximum amount of capital in year six in 
the amount of $93,745.00 with lesser amounts being borrowed in years 
seven and eight due to the unused borrowing capacity. The models re­
quire that all borrowed capital be repaid at the end of the model and 
Model VIB does not have sufficient repayment capacity to repay the 
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loans In years seven and eight if the maximum allowable amount Is bor­
rowed . 
Purchasing land adds a substantial amount to fixed costs each 
year because of the mortgage or contract payment which must be made 
along with the additional real estate taxes. This is evident in the 
fixed costs for Models VIA. and VIB which exceed those for Model I for 
all years except the first. The land purchased in the first year does 
not have a mortgage or contract payment due until the second year and 
less machinery is purchased by these models in year one resulting in 
smaller fixed costs in that year. Beginning in the second year when 
land payments begin, the fixed costs in Model VIA and VIB are always 
higher than in Model I and, as the totals show, the total amount of 
fixed costs paid over the life of the model is substantially higher in 
Models VIA and VIB than in Model I. 
Changing the objective function from maximizing discounted net re­
turns to maximizing net worth at the end of the planning period as was 
done in Models VIA and VIB causes net return as defined in the models 
to be lower. This is indicated in column three of Table 45 where the 
amount of income and social security taxes paid is less than in Model 
I. The total amount of income and social security taxes paid by Mod­
el I is $32,747.00 while in Model VIA this declines by almost 50% to 
$16,444.00 with a total for Model VIB being $17,809.00. This differ­
ence in taxes paid indicates that taxable income is less in the net 
worth models than in Model I. 
Since marginal consumption for the farm family is a function of 
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net return figured in the same manner as taxable income, consumption 
is also lower in the net worth models. There are some annual fluctua­
tions in the consumption but the total consumption for the eight year 
period declines from $64,747.00 for Model I to $48,444.00 for Model 
VIA and is $49,809.00 for Model VIB. 
Summary and analysis 
Table 46 provides a comparison of some possible growth indica­
tors for Models I, VIA and VIB. The first comparison is the value of 
the objective function and, because of the different objective function 
used for Models VIA, and VIB, a comparable objective function value had 
to be obtained for Model I. To compute a comparable value for Model I, 
the coefficients in the objective function for Model VIA were multi­
plied by the activity levels in the solution obtained for Model I. 
This procedure resulted in an objective function value of $125,712.00 
which does not include any amount for land inflation since Model I did 
not purchase any additional land. 
Model VIA, which assumes a 4% inflation rate on land, has an objec­
tive function value of $164,180.00 and Model VIB with its assumed 6% 
inflation rate on land has an objective function value of $183,171.00. 
These figures include the full inflated equity in the land purchased 
by these two models. Computing an objective function value for Models 
VIA and VIB based on the solutions obtained and assuming no increase 
in the price of land gives a value of $139,669.00 for Model VIA and 
$124,800.00 for Model VIB. These figures indicate that, when compared 
with Model I, all of the increase in the value of the objective 
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; Table 46. Comparison of some growth Indicators for Model I with 
Models VIA and VIB (to nearest dollar) 
Model I Model VIA Model VIB 
Objective function $125,712* $164,180 $183,171 
Acres farmed 
in year 8 
1,175.3 1,957.6 1,472.2 
Market hogs 
sold in year 8 
1,703 450.0 450.0 
Value of assets 
owned in year S** 
$197,044 $282,619 
($332,395) 
$292,266 
($392,358) 
Value of assets 
controlled in year 8^  
$704,694 $1,103,869 
($1,413,110) 
$829,618 
($1,200,317) 
Increase in net worth^  $117,548 $126,580 
($176,366) 
$111,711 
($210,370) 
C^alculated from the solution to Model I using the same objec­
tive function coefficients as in Model VIA. 
F^igures in parentheses have land valued at the appropriate 
"inflated" value while the other figures have land valued at $500.00 
per acre making possible direct comparison with Model I. 
function for Model VIB is due to the assumed 6% annual increase in the 
price of land and about 60% of the increase objective function value 
for Model VIA is due to the assumed 4% annual increase in the price of 
land. 
The net worth models end up farming more land in the eighth year 
than does Model I as shown in the second line of Table 46. Even 
though both Models VIA and VIB purchase some land, the majority of the 
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increase comes from additional land being rented. Model VIA farms the 
largest amount of land with the total being 1,957.6 acres compared 
with 1,472.2 acres for Model VIB and 1,175.3 acres for Model I. 
The third line of Table 46 shows that the increase in the num­
ber of acres farmed comes at the expense of market hogs produced. 
Model I produces 1,703 head of market hogs in the eighth year com­
pared with only 450 head for both Models VIA and VIB. Swine pro­
duction is increased substantially in Model I while the net worth mod­
els utilize the existing fifteen-stall farrowing house on a four-lit-
ter a year farrowing system but do not increase the farrowing capac­
ity during the life of the model. 
The value of assets owned in the eighth year for Models VIA and 
VIB have been computed in two different ways. To make the figures 
comparable with Model I, the value of owned assets was computed on 
the basis of a land value of $500.00 per acre. This gives a value of 
owned assets in the eighth year of $282,619.00 for Model VIA and 
$292,268.00 for Model VIB compared with $197,044.00 for Model I. The 
figures in parenthesis in Table 46 are the values of owned assets 
with land valuûô at the appropriate inflated value for Models VIA and 
VIB. Because of the land purchased by the two net worth models, the 
value of the assets owned in the eighth year is higher for both models 
than for Model I. 
The value of assets controlled in the eighth year was also comput­
ed with land at the base value of $500.00 per acre and with land at the 
appropriate inflated value for Models VIA and VIB with the latter 
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figures shown in parentheses. Model VIA has the highest value of 
assets controlled because of the large number of acres rented in this 
model while Model VIB also shows an increase over Model I but not as 
much as Model VIA. Model VIA controls assets with a value of over 
one million dollars even with all land valued at the base price of 
$500.00 per acre. 
Model VIA shows an increase in operators net worth of $126,580.00 
compared to $117,548.00 for Model I. The same figure for Model VIB is 
$111,711.00 making this the smallest increase in net worth of the 
three models when land is valued at the base price of $500.00 per 
acre. With land valued at the appropriate Inflated value in Models 
VIA and VIB, the increase in the farm operators net worth goes from 
$117,548.00 for Model I to $176,366.00 for Model VIA to $210,370.00 
for Model VIB. The original 160 acres being purchased by the farm 
operator at the beginning of the model is also assumed to increase in 
value at the appropriate rate which causes a large part of the differ­
ence between the two values shown for the net worth models. 
Because of the different objective function used for Models VIA 
and VIB, the shadow prices on the capital restrictions cannot be used 
to calculate a marginal rate of return on capital as was done for the 
other models. It is worth noting, however, that investment capital 
has a much higher shadow price than operating capital in the net worth 
models. This would be expected as investment capital is that capital 
available to invest in resources which contribute to increasing the 
net worth of the farm firm. Table 47 presents the shadow prices on 
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Table 47. Shadow prices on capital - Models VIA and VIB 
Ooeratine capital Investment capital 
Year Model VIA Model VIB Model VIA Model VIB 
1 $0.13 $0.08 $3.22 $3.65 
2 $0.29 $0.46 $2.86 $3.15 
3 $0.19 $0.20 $2.50 $2.64 
4 $0.17 $0.16 $2.25 $2.37 
5 $0.12 $0.13 $2.05 $2.17 
6 $0.15 $0.13 $1.84 $1.99 
7 $0.10 $0.06 $1.67 $1.87 
8 $0.18 $0.08 $1.43 $1.78 
capital for Models VIA and VIB and shows the relative importance of 
investment capital in contributing to the value of the objective func­
tion. 
Changing the objective function to maximizing net worth at the end 
of the planning period as was done in Models VIA and VIB caused more 
changes to take place in the activities entering the optimal solutions 
than in any previous models. More total land is farmed than in any 
previous model by both Models VIA and VIB. Changes in the cropping 
pattern consist primarily of the heavy emphasis on corn production in 
the eighth year by the net worth models and the relatively large amount 
of oats raised in the fifth and seventh years. 
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Swine production does not increase in the net worth models with 
the size of the swine enterprise limited by the number of farrowing 
stalls existing at the beginning of the model. The net worth models 
also have an optimal solution calling for the feeding of 100 head of 
steer calves in the first year and feeding scsne cattle in all remain­
ing years with the number varying from 10.7 to 75.4 head. None of the 
previous models have had solutions which included feeding cattle in 
each of the eight years. 
Models VIA and VIB both purchase land in the first year with 
Model VIB purchasing just over 80 acres in the second year. Additional 
expansion in land takes place by renting larger amounts than is rented 
in Model I with no expansion taking place in the swine farrowing capac­
ity. Even though it would be possible for the net worth models to pur­
chase land in the third and following years, these models choose not to 
do so because of the large fixed costs associated with land purchase. 
For year three and following years the additional net worth added to 
the value of the objective function comes from the purchase of machin­
ery needed to farm the additional rented land. While it can be ar­
gued that farmers place less value on net worth in machinery than net 
worth in land, the model does not make any distinction with the result 
that much of the net worth accumulated at the end of the planning peri­
od by Models VIA and VIB is in the form of machinery. 
The inflation which is assumed to take place in the value of land 
in Models VIA and VIB creates additional equity each year and results 
in an increased borrowing capacity in these models. This increased 
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capacity is used to the limit iu Model VIA but in Model VIB this 
increased borrowing capacity increases faster than the ability to re­
pay loans. In this model, the full borrowing capacity is not util­
ized in years seven and eight because the structure of the model re­
quires all operating loans be repaid in full at the end of the model. 
Should the maximum allowable amount be borrowed, there is not suffi­
cient repayment capacity in this model to repay the loan in addition 
to meeting the accumulated fixed costs and minimum consumption re­
quirement. The need to repay the existing operating loans in full 
with accumulated interest at the end of the model, explains the heavy 
emphasis on corn production in the eighth year. This cropping pro­
gram generates more capital to be used for loan repayment purposes 
than any other possible cropping activity. 
Purchasing land causes the annual fixed costs to be much higher 
than in Model I and causes a large drain on the cash flow in Models VIA 
and VIB. It can be seen that these models do emphasize increase in 
net worth at the expense of net returns by the decrease in income and 
social security taxes paid and family consumption. Both of these 
items are based on net returns and are considerably lower in Models VIA 
and VIB than in Model I with taxes and marginal consumption in Model 
VIA being just slightly over 50% as much as in Model I. 
248 
SUMMARY AND CONCLUSIONS 
One of the more consistent results of this study has been the rel­
ative stability of the model used. Both the production activities and 
the expansion activities have been very similar even though some of the 
assumptions or prices have been changed considerably in some of the models. 
None of the changes incorporated into any of the models caused a major 
change in the set of activities entering the optimal solution although 
there were some relative shifts in the enqphasis on the various activities. 
Model 1 was solved as the basic model using maximization of dis­
counted net returns as the objective function. This model assumed initial 
conditions which included 160 acres of owned land, 160 acres of land being 
rented under a crop share lease, facilities for farrowing fifteen sows 
at one time, pasture finishing facilities for 50 head of hogs and an 
open shed with concrete feeding floor with the capacity for finishing 100 
head of hogs along with a cattle feedlot with a capacity of 100 head. 
There was a standing corn and soybean crop in the field, $5,000.00 in cash 
available along with an unused borrowing capacity of $12,000.00. Growth 
in the scale of production activities was allowed through activities 
which permitted the borrowing of capital, hiring labor, renting or pur­
chasing land, purchasing machinery and expanding the livestock facilities 
under a number of different available technologies. 
The optimal solution to Model I included several expansion activities 
which allowed growth to take place in the production activities. Growth 
occurred in the crop and swine production activities with the annual 
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production of market hogs increasing from 450 head in year one to 1,703 
head in the eighth year. The number of acres farmed increased from the 
320 acres assumed in the initial conditions to 1,175.3 acres in the 
eighth year. 
The cropping program in Model I consisted primarily of a corn and 
soybean rotation on both the owned and rented land with small amounts of 
oats and forage on owned land as it was needed to produce hog pasture. 
The optimal mix of crop activities on rented land included an annual 
average of about 10% of the land in oats for grain to better utilize the 
available labor. Cattle were fed only in the first year and then were 
dropped from the solution with the expansion in livestock production 
activities taking place entirely in swine production. 
Expansion activities in Model I to allow for the growth in produc­
tion activities consisted of renting 855.3 acres, purchasing the neces­
sary machinery to farm these additional acres, adding a total of 41.8 
farrowing stalls and building a total confinement swine finishing build­
ing with a capacity of 467.6 head. These are total additions over the 
eight years covered in the model. In addition, the maximum allowable 
amount of both fall and spring part-time labor is hired in all years 
after the first year and the hiring of full-time labor increases steadily 
each year reaching the equivalent of 1.3 full-time men in the eighth and 
final year. 
To determine the effects on the growth rate and growth path under 
initial conditions where capital is more limiting. Models IIA and IIB 
were developed. Model IIA has an initial capital position of no cash on 
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hand and a $5,000.00 existing loan and Model 116 has no cash on hand and 
an existing $15,000.00 loan in addition to the mortgage on the 160 acres 
being purchased. 
The first result of reducing the initial capital position was a 
reduction in the value of the objective function with the amount de­
clining from $215,777.00 for Model I to $198,085.00 for Model IIA to 
$177,705.00 for Model IIB. Growth in both the crop production and swine 
production activities occurred at a slower rate with the total amount of 
land farmed declining from 1,175.3 acres for Model I to 991.5 acres for 
Model IIA to 826.9 acres for Model IIB. Market hog production also de­
clined from the total of 1,703 head in the eighth year for Model I to 
1,412 head and 1,067 head for Models IIA and IIB, respectively. 
The optimal mix of crop production activities in Models IIA and IIB 
show little change from Model I except for fewer oats being raised on 
rented land during the first two years. The only change which occurred 
in the livestock activities was the inclusion of swine activity two for 
two years in each of the more capital limiting models. This swine activ­
ity is a six-litter system, used for two years instead of the usual four-
litter system, as a means of more completely utilizing the available far­
rowing capacity while the limited capital prevented adding to the farrowing 
capacity. The same expansion activities entered the solutions to Models 
IIA and IIB as in Model I although there was a difference in scale and 
some difference in relative emphasis. The capital limiting models tended 
to favor land rental as an expansion activity particularly in the early 
years when capital was most limiting. Expansion of physical facilities 
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for increasing the swine production activities were the same as those 
included in Model I but on a smaller scale with the relative decrease 
being greater than for the land renting activity. 
Models IIA and IIB provide evidence of the existence of an optimal 
growth path for a farm firm given an initial set of physical resources. 
This optimal growth path consists of a particular mix of production and 
expansion activities to be carried out each year. The effect of limiting 
capital is to delay the farm firm in reaching the growth path and/or 
causing a change in the production activities to permit the fastest pos­
sible route to the growth path. When compared with Model 1, Models IIA 
and IIB have the same shadow prices, reduced costs and marginal rate of 
return on capital as Model I after a certain year. This occurs even 
though the scale of activities is lower in the models with more limited 
capital. The year during which these values become equal is later for 
Model IIB than for Model IIA indicating the additional reduction in the 
available capital at the beginning of the model caused an additional time 
lag in reaching the optimal growth path. 
Models IIIA and IIIB were solved to determine the effects of higher 
interest rates on the farm firm growth process. The rates of interest 
were increased 1 1/2% from Model I to Model IIIA and another 1 1/27» from 
Model IIIA to Model IIIB. The interest rates for Model IIIB represent an 
increase of 50% in the cost of borrowed operating capital and slightly 
under 50% for the real estate mortgage and land purchase contract. 
Increasing the cost of capital had very little affect on the mix of 
production and expansion activities entering the optimal solution to 
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Models IIIA and IIIB. The only changes which take place in the crop 
activities are some slight year to year differences in the proportion 
of corn and soybeans raised and a slight increase in the relative amount 
of oats raised by the high interest models during the first four years. 
Oats has a low capital requirement and therefore has a relative advan­
tage as capital becomes more expensive. The swine raising activities 
entering the solution to Models IIIA and IIIB are also the same as those 
in Model I only on a reduced scale. 
The expansion activities for Models IIIA and IIIB are land renting, 
machinery purchase and the construction of swine buildings which are the 
same as those included in the solution to Model I. There Is a reduction 
in the scale of the expansion activities in the high Interest models but 
the proportion of each is about the same in total over the eight years. 
However, land renting is emphasized in the first few years when the solu­
tions are compared with Model I and expansion of swine facilities is em­
phasized in the later years so that the relative emphasis over the eight 
year period is about the same as for Model I. All of the growth indica­
tors decline by very nearly the same proportion when the high interest 
models are compared with Model I. The only major affect of higher inter­
est rates is to decrease the scale of production and expansion activities, 
the objective function and financial activities because of the drain on 
the cash flow caused by the higher interest payments each year. There 
is no change In the mix of production and expansion activities indicating 
that the rate of return on capital is sufficiently high that increasing 
the interest rate by 50% has no affect on the mix of activities in the 
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optimal solution. 
The cost of labor was increased by $1.00 per hour in Model IVA and 
the labor restrictions were changed in Model IVB. In Model IVA, the 
cost of part-time labor was raised from $2.00 to $3.00 per hour and the 
cost of full-time labor from $2.15 to $3.15 per hour. Model IVB had the 
part-time labor restrictions in the fall and spring time periods increased 
from 250 hours each to 500 hours each and had a restriction of 2800 hours 
or the equivalent of one full-time man placed on the amount of full-time 
labor which could be hired. 
Increasing the cost of labor has more effect on the activities enter­
ing the optimal solution than increasing the interest rate. In Model IVA, 
no oats are raised on rented land during the first seven years and only 
a few acres in the last year. The scale of crop activities is also lower 
in Model IVA than in Model I. There is a change in the swine production 
activities entering the solution to Model IVA and an increase in the total 
scale of swine production. With the higher priced labor in Model IVA, all 
hogs are farrowed and raised in a four-litter production system utilizing 
the total confinement method of hog finishing exclusively after the first 
year. This is the most labor saving technology available for raising hogs. 
There is also a significant change which takes place in the expan­
sion activities when Model IVA is compared with Model I. Increasing the 
cost of labor causes a relative shift towards expanding the physical 
facilities available for swine production and away from renting land. 
Model I rents 855.3 acres over the eight year period compared to 370.1 
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acres for Model IVA. Farrowing capacity is increased by 47.0 stalls for 
Model IVA compared with 41.8 stalls for Model I with the increase in the 
capacity of the total confinement finishing building being 620.7 head 
compared with 467.6 head for Model I. All of the growth indicators for 
Model IVA are lower than the same indicator for Model I with the excep­
tion of the total number of market hogs sold in the last year. 
Increasing the availability of part-time spring and fall labor in 
Model IVB causes a somewhat different growth path to be followed. The 
scale of crop production activities is increased in the model with oats 
again being of lesser importance in the optimal crop mix than in Model I. 
However, once the restraints on hiring part-time labor are reached oats 
enters the optimal crop mix in about the same proportion as in Model I. 
Model IVB raises fewer hogs during the early years than does Model I be­
cause of its increased emphasis on crop activities. During the later 
years of the model, after the limit of hiring part-time labor has been 
reached. Model IVB increases hog production faster than Model I but uses 
the same production activities until the last year. During the last year. 
Model IVB reaches the limit on hiring full-time labor and all swine pro­
duction is concentrated in swine activity one which is a four-litter, 
total confinement finishing system and is the most labor saving swine 
technology available. 
Model IVB expands primarily by renting land during the early years 
while it is still possible to hire part-time fall and spring labor. When 
this limit is reached in the fifth year, the expansion activities change 
emphasis to building swine facilities. The net result over the eight 
255 
year period has Model IVB renting 11.2 fewer acres than Model I and build­
ing more swine facilities with 47.8 farrowing stalls constructed compared 
with 41.8 for Model I. Model IVB has a higher objective function value 
than Model I, farms fewer acres, raises more hogs, and both owns and 
controls physical productive assets with a higher value than Model I. 
External land restraints are often a factor affecting farm firm 
growth. Land is often not available for rent or purchase at a time when 
the farm operator is willing and capable of renting or purchasing addi­
tional land. Models VÂ and VB were developed to test the effects of two 
different types of land restraint. Model VA placed an 800 acre maximum 
on the amount of land that could be farmed and Model VB limited land 
renting to two acres for each acre owned. 
With restrictions on the amount of land which can be farmed, oats 
are no longer as profitable an alternative as under an unlimited land 
situation. Both Models VÂ and VB produce relatively fewer oats than does 
Model I with the emphasis on corn and soybean production very similar to 
Model I. The livestock activities in Model VA are the same as in Model I 
but the scale of hog production is larger particularly after the limit on 
land is reached. Model VB feeds 100 head of cattle in the first year 
compared with 45.2 head for both Models I and VA. With less total land 
being cropped in Model-VB, swine production is expanded faster than the 
other two models. The increased swine production for both Models VA and 
VB takes place through swine activity one which is the four-litter system 
using the total confinement finishing building. 
Model VA rents less land than Model I because of the limit placed 
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on the total amount of land which can be farmed with only 480 acres of 
land being rented compared to 855.3 acres for Model I. Model VB pur­
chases 52.0 acres during years three through seven and rents a total of 
264.0 acres during the eight years. Both of the land restrictive models 
increase the physical facilities for producing swine faster than Model I 
with Model VA constructing 55.2 farrowing stalls and Model VB 54.6 far­
rowing stalls compared with 41.8 for Model I. 
Restricting the land in either of the two methods used cause the 
value of the objective function to decline from $215,777.00 for Model I 
to $214,823.00 for Model VA to $211,247.00 for Model VB. The amount of 
land farmed is lower in Models VA and VB than in Model I but the number 
of market hogs farrowed and raised is higher. The value of physical pro­
ductive assets owned and controlled declines in both of the land restrict­
ing models as does the increase in the net worth of the farm operator. 
Models VIA and VIB utilize a different objective function than the 
previous models. The objective function used in these models is the 
maximization of net worth at the end of the eight year planning period 
with land values increasing at a compounded annual rate of 4% a year in 
Model VIA and at 6% a year in Model VIB. These models were solved in an 
attempt to see if farmers are maximizing something other than net returns 
as an explanation for their purchase of farm land when only one of the 
previous models called for the purchase of any land. 
Except for the increase in the scale of crop activities, there are 
only two major shifts in the crop production activities. The first is 
a highly variable acreage planted to oats in the last four years of the 
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models and the second is the heavy emphasis on corn production in the 
eighth year. There are some substantial changes in the livestock activ­
ities with swine production never exceeding 450 head per year which is 
the limit imposed by the number of farrowing stalls in place at the be­
ginning of the model. Models VIA and VIB each feed 100 head of cattle 
in the first year but then feed some cattle in each of the remaining 
years which is the first time this resulted in any of the models. 
The expansion activities were confined to land purchase, land rental 
and machinery purchase with the exception of the construction of a hog 
finishing confinement building with a capacity of 50 head in the first 
year. Model VIA purchases some land in the first year and then rents 
land in all years thereafter. Model VIB purchases some land during each 
of the first two years and then rents land during the remaining years. 
This results in more total land being farmed by Models VIA and VIB than 
by Model I and with a large proportion of the net worth at the end of 
the planning period accumulating in the machinery purchased to farm the 
additional rented land. The inflation in the value of land creates addi­
tional borrowing capacity so that Models VIA and VIB borrow more capital 
than any other model but they also have higher fixed costs. In Model VIB, 
the borrowing capacity increases faster than the repayment capacity with 
the result that in years seven and eight, the restriction on borrowing 
capacity is not reached. This model does not have sufficient repayment 
capacity to repay the borrowing at the end of the planning period as the 
model requires if the maximum allowable amount of capital is borrowed. 
The models used in this study have optimal solutions which have 
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several features common to two or more of the models. The first of 
these is the stability of the basic model under a variety of conditions 
as evidenced by the relatively small and nearly fixed set of both pro­
duction and expansion activities which enter the optimal solutions. A 
conclusion which can be drawn from this is that the growth strategy or 
the activities which contribute to the most rapid farm firm growth are 
pretty much the same under a fairly wide range of capital availabilities, 
interest rates, labor restrictions and prices, and land restrictions, 
only the scale and the relative emphasis on the activities are subject 
to change. 
Another feature common to all of the models is the strong demand for 
rented land as a contributor to rapid growth. Even in Models VIA and VIB 
where the objective function was the maximization of net worth at the end 
of the planning period, rented land was the dominate expansion activity 
to permit the growth in crop activities. Renting land took on more rela­
tive importance as an expansion activity, particularly in the early years, 
in the models where capital was more limiting and the interest rates were 
higher. The results of the models with the more restrictive capital lim­
itations would imply that beginning farmers with sma.ll amounts of capital 
available to them should consider renting land as their first choice to 
expand their farm business. 
With larger amounts of part-time labor available for hire in the 
fall and spring time periods, the land renting activities also took on 
more relative importance. The crop activities take large amounts of 
labor in the fall and spring and when it was not necessary to hire 
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full-time labor to take care of the labor requirements at these peak 
times, renting land in order to expand the crop activities became an 
important expansion activity. A preliminary solution to Model I with the 
required machinery cost for each additional acre added at $45.00 instead 
of $65.00 resulted in land renting being the only expansion activity to 
enter the optimal solution. This would indicate that the desirability 
of renting land as an expansion activity is directly related to the ad­
ditional machinery investment needed to farm the additional acreage. Com­
bining all these factors, it can be concluded that in those areas of 
North Central Iowa where there are young, growth-minded farmers with 
either their own unused labor or additional part-time labor available to 
them and where they can add some rented land to their present acreage with 
an additional machinery cost of $65.00 per acre or less, there will be 
strong competition for any land which becomes available for rent. 
As opposed to renting land, purchasing land appeared as an expansion 
activity in only three of the models. This was in Model VB where land 
renting was restricted to two acres for each acre owned and in Models 
VIA and VIB where the objective function was changed from maximizing dis­
counted net returns to maximizing net worth at the end of the planning 
period with land values assumed to increase at 4% and 6% per year respec-
tively. The capital requirements of the land purchase activities prevent 
them from appearing in the optimal solutions more frequently. In ad­
dition to the required machinery investment per acre, these activities 
require investment capital for a down payment and then have annual fixed 
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costs in order to meet taxes, insurance and principal and interest pay­
ments. This combination not only requires capital in the year of pur­
chase but drains capital from the income stream in all future years in 
order to meet the fixed costs. 
These results for the land expansion activities would imply a con­
tinuation of the present trend in farm organization where part of the 
land is owned and part is rented. Irrespective of the results obtained 
in this study, farm operators can still be expected to purchase some 
land to be used as a home base of operation, to provide a certain guar­
anteed minimum size for their crop activities, because of the status land 
ownership has in most communities and the favor which farm lenders give 
to land as collateral. In addition, growth-minded farm operators will 
look to land renting as a means of expanding their crop activities which 
means retiring farmers and outside investors with an investment in farm 
land can be assured of the continued availability of capable tenants for 
their farms. 
The importance of capital as a factor in farm firm growth shows up 
in a number of ways in the models. First, the implied marginal rate of 
return on both operating and investment capital is relatively high and 
is higher than the assumed interest rates on borrowed capital in all 
models. Capital withdrawals from the income stream have a marked effect 
on the value of the objective function as indicated by the shadow prices 
on the equality restrictions for fixed costs, fixed consumption, marginal 
consumption and income and social security tax liability. Operating cap­
ital always has a higher implied marginal rate of return than investment 
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capital when the objective function is maximization of discounted net 
returns which emphasizes the importance of using capital in a manner 
which will provide the most rapid turnover rather than tying it up in 
fixed investments. 
The value of capital in the early years of a growth plan also shows 
up in the results to these models. Implied marginal rates of return and 
shadow prices on the equality restrictions which require capital with­
drawals are consistently higher in the early years and decline generally 
from the early to the later years. This result has several implications. 
First, it emphasizes the importance of a planning period which is long 
enough to permit the return on income generated in later years by a 
capital investment to be incorporated into the return on the proposed 
investment. It also means that agricultural lenders need to look beyond 
one year when determining whether or not the rate of return on a proposed 
capital investment is worthy of a loan and the term of the loan should be 
adjusted in accordance with the rate of return and the life of the invest­
ment. The implied marginal rate of return on capital also leads to the 
conclusion that there will be a continuation of the shift to more capital 
intensive technologies and away from those technologies which require 
relatively higher labor inputs. 
There are also some strong similarities in the crop activities en­
tering the solutions to the various models. A corn-soybean rotation 
emerges as the predominate cropping program in all of the models. There 
is some alternate year emphasis on one crop or the other in some of the 
models but the basic rotation set up is corn-soybeans. On owned land. 
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forage is raised as necessary to meet che requirements for hog pasture 
and some oats are raised to serve as a nurse crop to establish new seed­
ing for hog pasture. 
A significant amount of oats for grain is raised on rented land in 
a number of the models. Oats enter the solutions because of its low 
labor requirement in the spring, no labor requirements in the fall and 
as a means to utilize summer labor while competing in only a minimal way 
with the spring labor requirements for corn and soybeans. Oats on rented 
land tend to disappear from the solutions to those models which have some 
type of land restriction, either internally or externally, and those 
which have either a higher labor cost or a limit on the amount of full-
time labor which can be hired. The importance of having part-time labor 
available in the fall and spring time periods for an expanded scale of 
crop activities is shown in Model IVB. With the amount of part-time labor 
which can be hired in the fall and spring time periods raised from 250 
hours to 500 hours, this model expands rented land and the associated crop­
ping activities much faster than the other models until the limit on part-
time labor is reached. 
There are also a number of similarities in the livestock activities 
which enter the solutions to the various models. All models eliminate 
the pasture finishing type of swine technology from the set of swine 
activities after the first year and move towards expansion in the total 
confinement type of finishing facilities which has the lowest labor re­
quirement per head. This tendency is so strong that existing portable 
buildings for finishing swine on pasture are left unused after the first 
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year. The movement toward total confinement swine facilities is further 
accelerated in the models with higher labor price and the restriction 
on the total amount of full-time labor which can be hired. In addition 
to the portable finishing buildings, these models leave unused in one 
or more years the existing open front shed and cement feeding floor type 
of finishing facilities which are available at the beginning of the model. 
When land is restricted, swine production is expanded relatively 
more than the models with the unrestricted land via an increase in scale 
of a four-litter system utilizing the total confinement finishing system. 
This and the other results would indicate a continuation of the trend 
towards constructing swine confinement buildings with minimum labor re­
quirements on Iowa farms and the inclusion of some swine production 
activities in the farm plan of a large proportion of the more rapidly 
growing farms in North Central Iowa. 
Beef feeding activities are of relatively minor importance in the 
solutions obtained to the growth models in this study. Steer calves are 
fed in the first year of most of the models utilizing the existing feed-
lot but after the first year only Models VIA and VIB have solutions which 
include beef feeding activities. The beef feeding activity which does 
enter the solutions is the feeding of steer calves utilizing the feedlot. 
Reduced costs in the solutions indicate that steer calves are the most 
profitable beef feeding activity to consider. These same reduced costs 
indicate that, while beef feeding activities are of relatively minor 
importance in these solutions, a one dollar per hundred weight increase 
in the price of beef vhile holding other prices constant would bring 
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beef feeding activities into the solutions on a larger scale. Beef feeding 
will probably continue to be conducted in North Central lova but will be 
limited to farms specializing in beef feeding on a relatively large scale 
and will not be part of a diversified farm plan where only a small number 
are fed. 
The results obtained from the model used in this study and its 
variations suggest some additional areas needing study and some possible 
improvements and refinements that might be incorporated into future 
models designed to study farm firm growth . One of the areas needing ad­
ditional study is the appropriate length of the planning period to be 
used in the model. A fifteen year planning period was arbitrarily se­
lected for this study but this had to be reduced to eight years because 
of the computational difficulties encountered in trying to solve the 
fifteen year model. Neither of these planning periods may be the most 
appropriate to use in a growth model and additional study in this area 
would be beneficial. 
One of the effects of a longer planning period would be a higher 
implied marginal rate of return on capital in the early years because 
of the longer period of time this capital would have to generate income 
and contribute to increasing the value of the objective function. An-
nother possible result of a longer planning period would be to improve 
the relative advantage of investing capital in those expansion activities 
which have longer pay-off periods. A difficulty with longer planning 
periods is determining the appropriate coefficients to use in the model. 
The further into the future one must project prices, yields and technical 
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coefficients the higher the likelihood that some or all of these values 
will not accurately reflect the situation which will exist in the future. 
Fixed and constant prices, yields and technical coefficients were 
used in this model for the entire eight years. Prices and yields fluc­
tuate annually because of weather and other supply and demand conditions. 
Crop yields have shown a strong upward tendency as new technologies have 
become available and price relationships have also changed over time. 
Technical coefficients have also been changing over time due to new 
technologies and these technologies often require larger amounts of 
capital per acre or per animal unit. Trends in technical coefficients, 
yields and price relationships could be projected into the future and 
incorporated into future farm firm growth models as one way of trying 
to portray more accurately the data needed for making more useful long 
range growth plans. The effects of stochastic crop yields on farm firm 
growth by itself would be a fertile area for future study. 
Another problem associated with the models used in this study is 
what might be called end bias or end distortion. The model is optimized 
for the eight year planning period under the implicit assumption that 
the eighth year will be the last year in the life of the farm firm with 
no consideration given to the effects which the activities in the eighth 
year might have on a ninth year. This causes some changes to take place, 
particularly in the crop activities, when the program in the eighth year 
is compared to some of the earlier years. Because of the interrelation­
ships between the crop activities, a major change in the cropping program 
in the last year reflects back to cause some changes in the previous year 
266 
or two. 
This has been a problem with other growth models and is a difficult 
one to overcome. One possible method would be to optimize a growth model 
which is several years longer than the planning period which is to be used 
and then ignore the results obtained for the last few years. A danger 
exists however, that this procedure may not give the same results as an 
optimum solution for just the length of planning period which is to be 
considered. Another possible solution to this problem would be to in­
corporate into the objective function some type of inventory value to 
represent the possible end situations. This procedure might eliminate 
part of the problem but it would still not allow the cropping program and 
changes in the physical resources becoming available in the last year to 
affect anything in the following year. 
Another factor which can affect the activities included in the opti­
mal solution for the final year in the model in this study is the re­
quirement that the borrowed operating capital be repaid in full at the 
end of the model. This is particularly evident in Models VIA and VIB 
where there is a substantial shift to com production in the eighth year 
in order to generate as much income as possible to pay off the existing 
operating loans. It would be possible to develop a model which did not 
require the repayment of this loan at the end of the model but care would 
have to be taken to assure that borrowing capacity did not outrun repay­
ment capacity as happened in Model VIB. 
With capital being such an important factor in farm firm growth, 
future models should give increased emphasis to the timing of cash flows 
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for both income and expenditures. The model used in this study had only 
annual accounting of income and expenditures but did recognize the time 
lag between committing capital to an investment project and the time 
this investment would be ready to use in the production process. This 
was done by requiring that the capital be committed to a project during 
the year prior to the one in which the physical assets became available 
for use. Quarterly accounting would provide a better and more accurate 
portrayal of the cash flows and timing of income and expenditures. 
With the wide use of land renting as an expansion activity in this 
study, future farm firm growth models might be constructed with addi­
tional renting or leasing activities included. Building and machinery 
leasing by farm operators has never been conducted on a large scale in 
Iowa but might be an opportunity which is being overlooked by growing 
farm firms. Leasing resources other than land might be of particular 
value during the early years of an expansion program when capital is 
usually the most limiting. 
Another refinement which could be incorporated into future growth 
models is the specification of an increasing marginal rate of taxation 
and a decreasing marginal propensity to consume. A procedure developed 
by Vandeputte and Baker (47) could be adapted to use with the present 
model. However, there would be little advantage to doing so unless the 
increase in the marginal tax rate was different than the decrease in the 
marginal propensity to consume. If the combined rates were always ap­
proximately equal to a constant sum, the amount of capital withdrawn 
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annually for taxes and consumption would be the same. There would be no 
change in the growth rate, only a change in the allocation of the capital 
withdrawal between taxes and consumption. 
An important problem to be considered in future growth models is 
the problem of indivisibilities.. Linear programming techniques such 
as was used in this study assume perfect divisibility in all of the 
activities. This assumption has probably contributed substantially to 
the relatively rapid growth which occurred in the models when compared 
with existing farms. The assumption of perfect divisibility allowed 
expansion activities to enter the solution at any level in any year with 
some of these values being rather unrealistic. 
A number of activities included in the model have physical charac­
teristics or economic considerations which prevent them from being used 
or purchased in perfectly divisible amounts. Land can generally be 
rented or purchased only in units of forty acres and eighty acres is more 
of a practical minimum. Buildings, machinery and full-time hired labor 
are other items which must generally be purchased in some minimum size or 
amount. Restricting these activities to integer values only may well 
affect the optimum growth path and growth rate because of the additional 
time needed to accumulate sufficient capital to acquire the resource in 
the minimum size. The present effort to develop efficient integer pro.-
gramming routines with larger capacity will allow future farm firm growth 
models to consider the problem of indivisibilities and study their effect 
on farm growth. 
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APPENDIX 
Table 48. Yield and input requirements for crop activities 
Unit Corn Corn Corn Corn Corn Soybeans Soybeans 
after after after after after after after 
corn soybeans oats hav 1 hav 2 corn oats 
Yield: bu. 105 108 108 110 112 36 36 
ton 
Inputs : 
Seed bu. 0.3 0.3 0.3 0.3 0.3 1.2 1.2 
Fertilizer 
N lb. 160 140 140 75 50 0 0 
P2O5 lb. 60 60 60 60 60 20 20 
K2O lb. 60 60 60 60 60 20 20 
Herbicide lb. 2 2 2 2 2 1 1 
Rootworm 
insecticide lb. 10 
Aldrin lb. 
Table 48 (continued) 
Unit Soybeans 
after 
hay 1 
Soybeans 
after 
hay 2 
Oats 
after 
corn 
Oats 
after 
soybeans 
Hay 1 
after 
oats 
Hay 2 
after 
hay 1 
Yield; 
Inputs : 
Seed 
Fertilizer 
N 
P2O5 
K2O 
bu. 
ton 
bu. 
lb. 
lb. 
lb. 
36 
1.2 
0 
20 
20 
36 
1.2 
0 
20 
20 
80 
3/4 
(straw) 
3.0 
40 
40 
40 
85 
3/4 
(straw) 
3.0 
20 
40 
40 
12 lbs. 
0 
0 
0 
0 
20 
20 
Herbicide lb. 
Rootworm 
insecticide lb. 
Aldrin lb. 
Table 49. Type and number of machine operations for crop activities (Sept. 1 - Aug. 31 
time period) 
Hours Corn Corn Corn Corn Corn Soybeans Soybeans 
per after after after after after after after 
acre corn soybeans oats hav 1 hav 2 corn oats 
Chop stalks - fall 0.25 1 
Chop stalks - spring 0.25 1 
Plow - fall 0.52 % 1 1 1 1 
Plow - spring 0.52 % 1 1 
Disk - fall 0.18 1 
Disk - spring 0.18 2 2 2 2 2 2 2 
Plant corn 0.25 1 1 1 1 1 
Plant soybeans 0.20 1 1 
Seed oats 0.20 
Rotary hoe 0.10 1 1 1 1 1 1 1 
Cultivate 0.20 1% 1% 1% 1% 1% 1% 1% 
Harrow 0.13 1 1 1 1 1 1 1 
Harvest corn 1.48 1 1 
Harvest soybeans 0.73 1 
Harvest oats . 0.73 
Rake and store straw 1.26 
Mow and rake hay 0.57 
Store hay 1.20 
Table 49 (continued) 
Soybeans Soybeans Oats Oats Hay 1 Hay 2 
after after after after after after 
hav 1 hav 2 corn* soybeans^  oats* hav 1* 
Chop stalks - fall 
Chop stalks - spring 1 
Plow - fall 
Plow - spring 1 1 
Disk - fall 
Disk - spring 2 2 
Plant corn 
Plant soybeans 1 1 
Seed oats 1 1 
Rotary hoe 1 1 
Cultivate ih Ik 
Harrow 1 1 1 1 
Harvest corn 1 
Harvest soybeans 1 
Harvest oats 1 1 
Rake and store straw 1 1 
Mow and rake hay 2% 2% 
Store hay 2% 2h 
*Hay and straw baling is assumed to be custom hired. 
Table 50. Labor requirements for crop activities in hours (Sept. 1 - Aug. 31 time period) 
Corn 
after 
corn 
Corn 
after 
soybeans 
Corn 
after 
oats 
Corn 
after 
hay 1 
Corn 
after 
hay 2 
Soybeans 
after 
corn 
Soybeans 
after 
oats 
Monthly distribution: 
Sept.-Oct.-Nov. 1.99® 1.43* 0.52 0.52 0.52 1.48* 
Dec.-Jan.-Feb.-March -- -- - - - - - - - -
April-May-June 1.40 1.14 1.14 1.14 1.14 1.86 1.61 
July-August 0.14 0.14 0.14 0.14 0.14 0.27 0.27 
Total labor require­
ment 3.53 2.71 1.80 1.80 1.80 3.61 1.88 
&Includes labor requirement for harvest of previous crop if that crop was corn or soybeans. 
Table 50 (continued) 
Soybeans Soybeans Oats 
after after after 
hay 1 hay 2 corn 
Oats Hay 1 Hay 2 
after after after 
soybeans oats hay 1 
Monthly distribution; 
Sept.-Oct.-Nov. 
Dec.-Jan.-Feb.-March 
April-May-June 
July-August 
1.61 
0.27 
1.61  
0.27 
1.48® 
0.94 
1.99 
0.73a 
0.69 
1.99 
1.77 
2 .66  
1.77 
2 . 6 6  
Total labor requirement 1.88 1.88 4.41 3.41 4.43 4.43 
Table 51. Coefficients for crop harvesting activities 
Corn Corn Soybean Soybeans 
harvest harvest harvest harvest Silage Hay 
(owned land) (rented land), (owned land) (rented land) harvesting harvesting 
Activity unit 100 bu. 50 bu. 100 bu. 50 bu. 1 ton 1 ton 
Labor requirements: (hrs.) 
Sept.-Oct.-Nov. 1.45 1.45 2.08 2.08 
Dec.-Jan.-Feb.-March -- -- -- --
April-May-June -- -- -- --
July-August -- -- -- --
Operating capital $7.50 $5.00 $4.25 $4.25 $1.25 $4.41 
(power and equipment) 
0.38 
0.44 
0.67 
Table 52. Operating capital requirements for crop activities on owned land^ 
Corn 
after 
corn 
Corn 
after 
soybeans 
Corn 
after 
oats 
Corn 
after 
hav 1 
Corn 
after 
hav 2 
Soybeans 
after 
corn 
Soybeans 
after 
oats 
Seed $ 6.00 $ 6.00 $ 6.00 $ 6.00 $ 6.00 $ 3.60 $ 3.60 
Fertilizer $13.80 $12.90 $12.90 $ 9.98 $ 8.85 $ 2.20 $ 2.20 
Herbicide $ 4.20 $ 4.20 $ 4.20 $ 4.20 $ 4.20 $ 6.00 $ 6.00 
Insecticide $ 3.60 $ 0.50 $ 0.50 $ 0.50 $ 0.50 — --
Power and equipment $ 4.33 $ 4.33 $ 4.33 $ 4.33 $ 4.33 $ 4.72 $ 4.72 
Total operating 
capital requirement 
$31.93 $27.93 $27.93 $25.01 $23.88 $16.52 $16.52 
^Does not Include harvesting costs except for oats. 
Table 52 (continued) 
Soybeans 
after 
hay 1 
Soybeans 
after 
hay 2 
Oats 
after 
corn 
Oats 
after 
soybeans 
Hay 1 
after 
oats 
Hay 2 
after 
hay 1 
Seed $ 3.60 $ 3.60 $ 3.00 $ 3.00 $ 5.40 
Fertilizer $ 2.20 $ 2.20 $ 6.20 $ 5.30 $ 2 .20  
Herbicide $ 6.00 $ 6.00 
Insecticide 
Power and equipment $ 4.72 $ 4.72 $ 7.37 $ 7.37 
Total operating $16.52 $16.52 $16.57 $15.67 $ 5.40 $ 2.20 
capital requirement 
Table 53. Operating capital requirements for crop activities on rented land^ 
Corn 
after 
corn 
Corn 
after 
soybeans 
Corn 
after 
oats 
Soybeans 
after 
corn 
Soybeans 
after 
oats 
Oats 
after 
corn 
Oats 
after 
soybeans 
Seed $ 3.00 $ 3.00 $ 3.00 $ 1.80 $ 1.80 $ 1.50 . $ 1.50 
Fertilizer $ 6.90 $ 6.45 $ 6.45 $ 1.10 $ 1.10 $ 3.10 $ 2.65 
Herbicide $ 2.10 $ 2.10 $ 2.10 $ 3.00 $ 3.00 - — 
Insecticide $ 1.80 $ 0.25 $ 0.25 -- -- - - - -
Power and equipment $ 4.33 $ 4.33 $ 4.33 $ 4.72 $ 4.72 $ 7.37 $ 7.37 
Total operating 
capital requirement 
$18.13 $16.13 $16.13 $10.62 $10.62 $11.97 $11.52 
D^oes not include harvesting costs except for oats. 
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Table 54. Operator labor available 
Working Hours Total Overhead Net 
days per labor labor labor 
day available available 
January 26 8 208 50 158 
February 24 8 192 50 142 
March 26 8 208 50 158 
April 26 10 260 50 210 
May 27 10 270 25 245 
June 25 10 250 25 225 
July 27 8 216 50 166 
August 26 8 208 50 158 
September 26 10 260 50 210 
October 27 10 270 25 245 
November 25 10 250 25 225 
December 26 8 208 50 158 
Totals 311 108 2800 500 2300 
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Table 55. Input-output data for cattle feeding activities 
Activity 
1 
Technology 1 
Activity 
2 
Activity 
3 
Purchase month 
Purchase weight (lbs.) 
Purchase price 
Selling month 
Selling weight (lbs.) 
Selling price 
Death loss 
(% of purchase weight) 
Feed requirements: 
Corn (bu.) 
Corn silage (ton) 
Hay (ton) 
Supplement (lbs.) 
Labor requirements: 
Sept.-Oct.-Nov. 
Dec.-Jan.-Feb.-March 
Apr11-May-June 
July-August 
Nov. 
450 
$30.00 
Sept. 
1075 
$26.00 
2% 
40 
4.2 
0.3 
260 
0.57 
2.83 
1.95 
1.13 
Nov. 
420 
$28.00 
July 
875 
$25.00 
2%% 
30 
2.95 
0.2 
185 
0.54 
2.51 
1.69 
0.41 
Oct. 
625 
$27.00 
July 
1175 
$26.00 
1% 
40 
4.45 
0.3 
225 
0.92 
2.62 
1.74 
0.47 
Total 6.48 5.15 5.75 
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Table 55 (continued) 
Technology 2 
Activity Activity Activity Activity 
4 5 6 7 
Purchase month Nov. Nov. Oct. Sept.-Mar. 
Purchase weight (lbs.) 450 420 625 750 
Purchase price $30.00 $28.00 $27.00 $26.00 
Selling month Sept. July July Mar.-Sept. 
Selling weight (lbs.) 1075 875 1175 1150 
Selling price $26.00 $25.00 $26.00 $25.50 
Death loss 
(% of purchase weight) 2%% 2% 1% 1% 
Feed requirements: 
Corn (bu.) 40 30 40 60 
Corn silage (ton) 4.0 2.8 4.25 5.0 
Hay (ton) 0.3 0.2 0.3 0.4 
Supplement (lbs.) 260 185 225 360 
Labor requirements: 
Sept.-Oct.-Nov. 0.57 0.54 0.84 1.45 
Dec.-Jan.-Feb,-March 1.80 1.56 1.58 1.90 
April-May-June 1.21 1.02 1.04 1.35 
July-August 0.74 0.25 0.21 0.90 
Total 4.32 3.37 3.67 5.60 
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Table 55 (continued) 
Technology 3 
Activity 
8 
Activity 
9 
Activity 
10 
Activity 
11 
Purchase month Nov. Nov. Oct. Sept.-Mar. 
Purchase weight (lbs.) 450 420 625 750 
Purchase price $30.00 $28.00 $27.00 $26.00 
Selling month Sept. July July Mar.-Sept. 
Selling weight (lbs.) 1075 875 1175 1150 
Selling price $26.00 $25.00 $26.00 $25.50 
Death loss 
(% of purchase weight) 2% 2% 3/4% 3/4% 
Feed requirements: 
Corn (bu.) 36 27 36 54 
Corn silage (ton) 3.6 2.52 3.83 4.5 
Hay (ton) 0.27 0.18 0.27 0.36 
Supplement (lbs.) 234 167 212 324 
Labor requirements: 
Sept.-Oct.-Nov. 0.51 0.49 0.76 1.31 
Dec.-Jan.-Feb.-March 1.62 1.40 1.42 1.71 
April-May-June 1.09 0.92 0.94 1.21 
July-August 0.67 0.23 0.19 0.81 
Total 3.89 3.04 3.31 5.04 
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Table 56. Costs and operating capital requirements for cattle 
feeding activities 
Technology 1 
Activity Activity Activity 
1 2_ 3 
Purchase cost $135.00 $117.60 $168.75 
Feed supplement $ 13.00 $ 9.25 $ 11.25 
Power and equipment $ 6.05 $ 4.95 $ 4.95 
Marketing expense $ 5.38 $ 4.38 $ 5.88 
Veterinary expense 
and death loss $ 6.47 $ 6.04 $ 3.69 
Bedding $ 2.00 $ 2.00 $ 2.00 
Misc. (insurance, etc.) $ 2.00 $ 2.00 $ 2.00 
Total costs and operating 
capital requirement $169.90 $146.22 $198.52 
Selling value $279.50 $218.75 $305.50 
Net return $109.60 $ 72.53 $106.98 
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Table 56 (continued) 
Technology 2 
Activity Activity Activity Activity 
4 5 6 7 
Purchase cost $135.00 $117.60 $168.75 $390.00 
Feed supplement $ 13.00 $ 9.25 $ 11.25 $ 18.00 
Power and equipment $ 6.05 $ 4.95 $ 4.95 $ 6.60 
Marketing expense $ 5.38 $ 4.38 $ 5.88 $ 11.25 
Veterinary expense 
and death loss $ 6.47 $ 6.04 $ 3.69 $ 5.90 
Bedding $ 2.00 $ 2.00 $ 2.00 $ 3.00 
Misc. (insurance, etc.) $ 2.00 $ 2.00 $ 2.00 $ 4.00 
Total costs and operating 
capital requirement $169.90 $146.22 $198.52 $438.75 
Selling value $279.50 $218.75 $305.50 $586.50 
Net return $109.60 $ 72.53 $106.98 $147.75 
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Table 56 (continued) 
Technology 3 
Activity Activity Activity Activity 
8 9 10 11 
Purchase cost $135.00 $117.60 $168.75 $390.00 
Feed supplement $ 11.70 $ 8.35 $ 10.60 $ 16.20 
Power and equipment $ 6.05 $ 4.95 $ 4.95 $ 6.60 
Marketing expense $ 5.38 $ 4.38 $ 5.88 $ 11.25 
Veterinary expense 
and death loss $ 5.80 $ 5.45 $ 3.26 $ 4.93 
Bedding —— -••• —— —— 
Misc. (Insurance, etc.) $ 2.00 $ 2.00 $ 2.00 $ 4.00 
Total costs and operating 
capital requirement $165.93 $142.73 $195.44 $432.98 
Selling value $279.50 $218.75 $305.50 $586.50 
Net return $113.57 $ 76.02 $110.06 $153.52 
Table 57. Input-output data for swine activities 
Activity 1 Activity 2 
Unit 4 litters 6 litters 
Farrowing months Dec.-Feb.-
June-Aug. 
Oct.-Dec.-
Feb.-April 
June-Aug. 
Selling months June-Aug.-
Dec.-Feb. 
April-June 
Aug.-Oct-
Dec.-Feb. 
Sows needed 2 3 
No. pigs weaned/unit 30.0 44.0 
Death loss after weaning 3% 3% 
No. pigs sold/unit 27.1 39.68 
Ave. selling weight (lbs.) 225 225 
Lbs. pork sold/unit 6,097.5 8,928.0 
Ave. selling price $18.62 $18.23 
Sow selling month Feb.-April Dec.-Feb.-
April 
Ave. sow selling weight (lbs.) 350 350 
Activity 3 Activity 4 Activity 5 
4 litters 2 litters 2 litters 
Dec.Feb.-
June-Aug. 
Dec.-June Dec.-June 
June-Aug. 
Dec.-Feb. 
June-Dec. June-Dec. 
2 1 1 
30.0 15.0 15.0 
3% 3% 3% 
27.1 13.55 13.55 
225 225 225 
6,097.5 3,048.75 3,048.75 
$18.62 $18.52 $18.52 
Feb.-April Feb. Feb. 
to 
VO 
to 
350 350 350 
Table 57 (continued) 
Activity 1 Activity 2 Activity 3 Activity 4 Activity 5 
Ave. sow selling price $15.05 $14.85 $15.05 $15.20 $15.20 
Gross income/unit $1,240.70 $1,783.50 $1,240.70 $617.83 $617.83 
Labor requirements (hrs.): 
Sept.-Oct.-Nov. 9.67 16.44 12.87 8.39 7.72 
Dec.-Jan.-Feb.-March 15.48 20.31 20.59 9.79 9.01 
April-May-June 6.77 11.61 9.01 5.59 5.15 
July-August 6.76 9.66 9.01 4.19 3.86 
Feed requirements: 
Corn (bu.) 389.4 571.12 410.1 215.25 205.05 
Supplements (lbs.) 4,110 6,028 4,350 2,175 2,175 
Pasture (acres) 0.2 0.3 0.2 0.5 0.1 
Table 57 (continued) 
Activity 6 
Unit 2 litters 
Farrowing months March-Sept. 
Selling months Sept,-March 
Sows needed 1 
No. pigs weaned/unit 15.0 
Death loss after weaning 3% 
No. pigs sold/unit 13.55 
Ave. selling.weight (lbs.) 225 
Lbs. pork sold/unit 3,048.75 
Ave. selling price $18.00 
Sow selling month May 
Ave. sow selling weight (lbs.) 350 
Activity 7 Activity 8 Activity 9 Activity 10 
2 litters 1 litter 
March-Sept. June 
Sept.-March Dec. 
3 groups of 3 groups of 
10 hd. each 10 hd. each 
March-July- March-July-
Nov. Nov. 
ro 
15.0 6.9 - - - -
3% 3% 3% 3% 
13.55 5.69 29.1 29.1 
225 225 225 225 
3,048.75 1,280.25 6,547.5 6,547.5 
$18.00 $17.80 $18.15 $18.15 
May Aug. —  —  — —  ----
350 300 
Table 57 (continued) 
Activity 6 Activity 7 Activity 8 Activity 9 Activicv 10 
Ave. sow selling price $15.20 $15.20 $16.45 - - - -
Gross income/unit $601.98 $601.98 $277.23 $1,188.37 $1,188.37 
Labor requirements (hrs,): 
Sept.-Oct.-Nov. 5.59 5.15 5.00 7.15 4.40 
Dec.-Jan.-Feb. -March 12.59 11.58 2.70 9.70 6.05 
April-May-June 5.59 5.15 3.22 7.55 4.60 
July-August 4.19 3.86 3.96 5.10 2.95 
Feed requirements: 
Corn (bu.) 215.25 205.05 97.58 303.0 297.0 
Supplements (lbs.) 2,175 2,175 1,000 2,700 2,640 
Pasture (acres) 0.5 0.1 0.5 
Table 58. Annual cash expense and operating capital requirements for swine activities 
Activity 
1 
Activity 
2 
Activity 
3 
Activity 
4 
Activity 
5 
Annual cash expense: 
Supplement $287.70 $421.96 
Breeding expense 12.00 18.00 
Power and equipment 67.50 99.00 
Bedding 2.10 3.08 
Veterinary expense 37.50 55.00 
Taxes and insurance 3.00 4.40 
Feeder pig cost 
Total cash expense $409.80 $601.44 
Net return $830.90 $1,182.06 
Operating capital requirements: 
Sow or feeder pig cost $ 90.00 $135.00 
Supplement 143.85 210.98 
Breeding expense 12.00 18.00 
Power and equipment 33.75 49.50 
Bedding 1.05 1.54 
Veterinary expense 18.75 27.50 
Taxes and insurance 1.50 2.20 
Total operating 
capital requirement $300.90 $444.72 
$304.50 
12.00 
67.50 
10.50 
37.50 
3.00 
$435.00 
$805.70 
$ 90.00 
152.25 
12.00 
33.75 
5.25 
18.75 
1.50 
$152.25 
6.00 
33.75 
3.00 
18.75 
1.50 
$215.25 
$402.58 
45.00 
76.12 
6.00 
16.87 
1.50 
9.37 
0.75 
$313.50 $155.61 
$152.25 
6.00 
33.75 
5.25 
18.75 
1.50 
$217.50 
$400.33 
45.00 
76.12 
6.00 
16.87 
2.62 
9.37 
0.75 
$156.73 
Table 58 (continued) 
Activity Activity Activity Activity Activity 
6 7 8 9 10 
Annual cash expense: 
Supplement $152.25 $152.25 $ 70.00 $175.50 $171.60 
Breeding expense 6.00 6.00 3.00 --- - - -
Power and equipment 33.75 33.75 15.52 60.00 60.00 
Bedding 3.00 5.25 0.50 9.00 1.80 
Veterinary expense 18.75 18.75 8.62 15.00 15.00 
Taxes and insurance 1.50 1.50 0.70 3.00 3.00 
Feeder pig cost - - - - — - - - - 450.00 450.00 
Total cash expense $215.25 $217.50 $ 98.34 $712.50 $701.40 
Net return $386.73 $384.48 $178.89 $475.89 $499.22 
Operating capital requirements: 
Sow or feeder pig cost $ 45.00 $ 45. 00 $ 45.00 $150.00 $150.00 
Supplement 76.12 76. 12 35.00 87.75 85.80 
Breeding expense 6.00 6. 00 3.00 - - - — — — 
Power and equipment 16.87 16. 87 7.76 30.00 30.00 
Bedding 1.50 2. 62 0.25 4.50 0.90 
Veterinary expense 9.37 9. 37 4.31 . 7.50 7.50 
Taxes and insurance 0.75 0. 75 0.35 1.50 1.50 
Total operating 
capital requirement $155.61 . $156.73 $ 95.67 $281.25 $275.70 
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Table 59. Expansion costs for beef feeding technology one 
(open shed - bunker silo - auger wagon feeding) 
Item Cost 
Initial cost: 
Open front shed - 20 sq. ft. @ $1.25 $25.00 
Concrete - 20 sq. ft. @ 45c 9.00 
Bunker silo - 4 ton capacity @ $6.00 24.00 
Fence-line feed bunks - 1% ft. @ $6.00 9.00 
Water facilities 1.00 
Equipment and fencing 6.00 
Total cost for expanding 
feedlot capacity by 1 head $74.00 
Annual costs: 
Taxes and insurance @ 2% $ 1.48 
Depreciation - 5% on bldgs. and 10% on equipment 3.95 
Total annual cost $ 5.43 
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Table 60. Expansion costs for beef feeding technology two 
(open shed - upright silo - autcsnatic feeding) 
Item Cost 
Initial cost: 
Open front shed - 20 sq. ft. @ $1.25 $ 25.00 
Concrete - 20 sq. ft. @ 45<? 9.00 
Upright silo with unloader - 4 ton capacity @ $17.00 68.00 
Feed bunk with automatic auger feeding - 3/4 ft. @ $40.00 30.00 
Water facilities 1.00 
Equipment and fencing 4.00 
Total cost for expanding 
feedlot capacity by 1 head $137.00 
Annual costs: 
Taxes and insurance @ 2% $ 2.74 
Depreciation - 4% on bldgs. and 10% on equipment 5.66 
Total annual cost $ 8.40 
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Table 61. Expansion costs for beef feeding technology three 
(confinement building - automatic feeding) 
Item Cost 
Initial cost: 
Confinement building with partial slotted floors, 
manure pit, water facilities and automatic feeding system 
Upright silo with unloader - 4 ton capacity @ $17.00 
Equipment 
Total cost for expanding 
feedlot capacity by 1 head 
Annual costs: 
Taxes and insurance @ 2% 
Depreciation - 4% on bldgs. and 10% on equipment 
$175.00 
68.00 
3.00 
$246.00 
$ 4.92 
10.14 
Total annual cost $ 15.06 
301 
Table 62. Expansion costs for swine farrowing building 
Item Cost 
Initial cost: 
Building shell with partial slotted floors, 
manure pit, heat and ventilation equipment $400.00 
Farrowing stall with waterer and feeder 100.00 
Total cost per stall $500.00 
Annual costs; 
Taxes and insurance @ 2% $ 10.00 
Depreciation @ 4% 20.00 
Total annual cost $ 30.00 
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Table 63. Expansion costs for swine technology one 
(all pasture farrow-finish system) 
Item Cost 
Initial cost: 
A-frame sow shelter $ 50.00 
Portable hog shelter - 64 sq. ft. @ $2.00 128.00 
Shade 10.00 
Feeders 30.00 
Watering equipment 5.00 
Fencing 2.00 
Total cost per litter $225.00 
Annual costs: 
Taxes and insurance @2% $ 4.50 
Depreciation @ 10% 22.50 
Total annual cost $ 27.00 
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Table 64. Expansion costs for swine technology two 
(pasture finishing system) 
Item Cost 
Initial cost: 
Portable hog shelter with floor - 7 sq. ft. @ $3.00 $21.00 
Summer shade 1.50 
Feeders 3.00 
Watering equipment .50 
Fencing .25 
Total cost per head $26.25 
Annual costs: 
Taxes and insurance @2% $ 0.52 
Depreciation @ 10% $ 2.63 
Total annual cost $ 3.15 
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Table 65. Expansion costs for swine technology three 
(open shed finishing system) 
Item Cost 
Initial cost: 
Open front shed with concrete floor, concrete $26.50 
feeding floor and pen partitions 
Feeders 3.00 
Watering equipment .50 
Total cost per head $30.00 
Annual costs: 
Taxes and insurance @2% $ 0.60 
Depreciation @ 5% 1.50 
Total annual cost $ 2.10 
305 
Table 66. Expansion costs for swine technology four 
(confinement finishing system) 
Item Cost 
Initial cost: 
Confinement building with slotted floors, manure 
pit, ventilation system and pen partitions $48.00 
Feeding and watering equipment 4.50 
Total cost per head $52.50 
Annual costs: 
Taxes and insurance @2% $ 1.05 
Depreciation (3 47o 2.10 
Total annual cost $ 3.15 
